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UPGRADING  DA  TRICKLING-FILTER 
SEWAGE  TREATMENT  PLANTS 


1  INTRODUCTION 


Background 


Army  sewage  treatment  plants  have  unique  limitations,  restraints, 
requirements,  and  capabilities  which  are  not  common  to  such  facilities  in  the 
private  sector: 

1.  About  95  percent  of  Department  of  the  Army  (DA)  sewage  treatment 
plants  (STP)  are  the  trick! ing-fil ter  type,  with  a  few  activated  sludge  sys¬ 
tems  and  extended  aeration  package  plants. 

2.  The  relatively  small  capacity  of  many  Army  sewage  treatment  plants 
often  mandates  that  operation  and  maintenance  be  simple. 

3.  The  facilities  are  often  underloaded  because  of  the  decreased  Army 
population  during  peacetime. 

4.  The  civilian  workforce,  which  contributes  waste  during  normal  loading 
hours,  but  not  at  other  times,  changes  diurnal  loadings  significantly, 

5.  Significant  hydraulic  and  organic  load  fluctuations  are  common. 

6.  Various  activities,  such  as  consolidation  of  training  from  several 
areas  to  only  one  installation,  summer  training,  and  reserve  and  national 
guard  groups,  can  cause  significant  seasonal  changes  in  sewage  loadings  to 
treatment  facilities. 

Existing  DA  trickl ing-fil ter  sewage  treatment  plants  were  not  designed  to 
handle  the  National  Pollutant  Discharge  Elimination  System's  (NPDES)^ 
stringent  permit  requirements  for  Biochemical  Oxygen  Demand  (BOD),  Dissolved 
Oxygen  (DO),  Suspended  Solids  (SS),  and  ammonia. 

One  viable  alternative  for  meeting  NPDES  requirements  is  to  upgrade 
existing  STPs,  which  will  be  much  less  expensive  than  extensive  plant  renova¬ 
tion  and  remodeling.  When  properly  designed,  constructed,  operated,  and 
upgraded,  existing  trickling  filters  can  meet  NPDES  discharge  requirements, 
while  retaining  the  advantages  of  low  energy  needs  and  relative  ease  of  opera¬ 
tion  . 

1  Environmental  Protection  and  Enhancement,  Army  Regulation  (AR)  200-1 
(Department  of  the  Army,  20  January  1978). 
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One  upgrading  method  is  the  Rotating  Biological  Contactor  (RBC)  technol¬ 
ogy.  Although  RBC  technology  exhibits  inherent  technical  and  economic  advan¬ 
tages  and  disadvantages,  it  often  appears  to  be  especially  conducive  to  meet¬ 
ing  Army  needs.  In  particular,  if  RBC  technology  is  compared  to  other 
processes  in  terms  of  energy  scenarios,  04M  requirements,  efficiency,  and 
reliability  under  various  environmental  and  loading  conditions,  it  becomes 
evident  that  RBC  technology  should  be  considered  for  municipal  and  industrial 
pollution  abatement  projects.  Some  specific  advantages  to  the  Army  associated 
with  RBC  technology  are: 

1.  Low  energy  requirements. 

2.  Simpler  and  less  expensive  O&M. 

3.  Ease  of  transporting  and  relocating. 

4.  Low  space  requirements. 

5.  Installation  costs  are  minimal,  because  expensive  secondary  sewage 
treatment  plant  capital  equipment  can  be  retained  and  used  with  RBCs. 

The  concept  of  using  RBCs  as  a  treatment  alternative  is  relatively  new  in 
the  United  States,  and  only  a  few  plants  have  operated  for  more  than  a  few 
years.  Consequently,  data  are  scarce  regarding  RBC  retrofitting  strategies 
for  upgrading  plants  to  meet  current  and  anticipated  NPDES  requi rements.  In 
fact,  until  just  a  few  years  ago,  RBC  technology  was  not  even  mentioned  in 
college  textbooks.  This  may  account  for  the  fact  that  the  latest  wastewater 
treatment  guidance  documents  lack  information  regarding  the  RBC  unit  process, 
even  though  American  industries  and  municipalities  have  spent  millions  of  dol¬ 
lars  for  RBC  process  equipment.  Many  excellent  documents  provide  design  and 
operation  and  maintenance  criteria/guidelines  for  readily  available  tradi¬ 
tional  technologies,  such  as  activated  sludge  and  trick! ing- fil ter  processes; 
e . g . ,  the  Process  Control  Manual  for  Aerobic  Wastewater  Treatment  Facilities. ^ 
This  publication  provides  guidance  for  optimizing  the  performance  of  and 
establishing  process  control  techniques  for  trickling-filter  and  activated 
sludge  systems.  There  is  no  comparable  manual  for  RBC  technology.  In  addi¬ 
tion,  commonly  used  "state-of-the-knowledge"  documents  which  provide  economic 
guidance  for  selecting  wastewater  treatment  systems  either  do  not  give  RBC 
cost  curv'^s  (capital,  O&M,  energy,  etc.),  or  give  curves  that  are  outdated. 
This  lack  of  guidance  on  RBC  applicability,  design,  O&M,  and  economic  con¬ 
siderations  results  from  the  relative  newness  of  RBC  technology  in  the  United 
States. 


2  Process  Control  Manual  for  Aerobic  Wastewater  Treatment  Facilities,  EPA- 
403-9-7'/ -O06  ,  pBz/94'/4  (U.S.  Environmental  Protection  Agency  LUSEPA] ,  March 
1977). 
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This  lack  of  empirical  data  and  guidance  is  complicated  by  the  fact  that 
there  is  no  well-defined  theory  of  design  and  operation  accepted  by  all  RBC 
manufacturers.  Design  engineers  and  contractors  can  design  and  construct 
activated  sludge,  trickling  filter,  and  most  other  wastewater  treatment 
processes  without  depending  significantly  on  a  very  limited  number  of  equip¬ 
ment  manufacturers.  This  is  not  the  case  with  RBC  technology,  in  which  design 
engineers  are  extremely  dependent  on  the  manufacturer's  design  curves. 

Despite  these  problems,  DA  currently  has  (or  has  planned)  RBC  facilities  at 
several  installations;  however,  design  guidance  is  often  lacking. 

Army  personnel  considering  the  RBC  process  must  find  answers  to  the  fol¬ 
lowing  questions: 

1.  How  can  I  insure  that  the  RBC  technology  is  right  for  my  particular 
situation? 

2.  How  much  does  RBC  cost? 

3.  Are  the  RBC  units  easy  to  install  and  start  up?  What  about  site 
preparation? 

4.  Can  we  obtain  the  process  and  install  it  in  time  to  meet  a  tight  com¬ 
pliance  schedule? 

5.  What  are  RBC's  O&M  problems/ costs? 

6.  How  does  the  RBC  technology  compare  with  other  technologies? 

7.  Is  the  RBC  process  reliable  and  effective  under  a  variety  of  climatic 
conditions  and  under  varying  hydraulic,  organic,  and  ammonia  loadings? 

8.  What  are  the  appropriate  design  criteria? 

9.  What  are  the  system's  land  requirements? 

10.  What  are  the  RBC’s  skill  and  manpower  requirements? 

11.  What  are  the  process  advantages/disadvantages? 

12.  Can  the  process  be  retrofitted  to  existing  secondary  equipment  to 
meet  biochemical  oxygen  demand,  suspended  solids,  and  ammonia  requirements? 

13.  What  about  nuisances  (odors,  filter  flies)? 

14.  How  does  energy  consumption  compare  to  other  processes? 
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15.  What  are  the  sludge  characteristics? 

16.  What  Is  the  potential  need  of  clarification  prior  to  disinfection  and 
discharge,  and  what  are  the  design  criteria  for  the  clarifier? 

17.  What  is  the  life  expectancy  of  major  RBC  control  components? 

18.  What  new  developments  are  anticipated  for  RBC  technology? 

19.  What  information  is  available? 

20.  What  are  the  opinions  of  RBC  plant  operators? 

21.  What  information  is  available  regarding  structural  failures  of  RBC 
components? 

Recently,  Architect/Engineer  (A/E)  firms  have  tended  to  recommend  abandoning 
existing  DA  trickl ing-fil ter  facilities  in  favor  of  constructing  difficult- 
to-operate,  energy-intensive  technologies.  Thus,  there  is  a  need  to  examine 
the  alternative  of  retaining  and  upgrading  existing  plants  in  order  to  reduce 
energy  consumption  and  facilitate  operations,  thereby  reducing  Army  expendi¬ 
tures  for  sewage  treatment. 


Gbj ective 


The  objectives  of  this  study  were  (1)  to  develop  guidance  for  Army  per¬ 
sonnel  who  must  decide  whether  to  use  RBCs,  (2)  to  provide  case  history  infor¬ 
mation  on  use  of  RBCs  for  upgrading  trickling-filter  sewage  treatment  facili¬ 
ties,  and  (3)  to  provide  design  guidance  for  using  RBC  add-on  to  upgrade  DA 
trickling-filter  secondary  sewage  treatment  plants  and  thus  bring  these  plants 
into  compliance  with  existing  and  anticipated  NPDES  requirements. 


Approach 

RBC  data  were  obtained  from  three  major  sources:  (1)  papers  presented  at 
the  First  National  Symposium  of  RBC  Technology,  (2)  a  comprehensive  literature 
search  of  operating  RBC  systems,  and  (3)  RBC  manufacturers.  These  data  were 
then  analyzed  and  used  (a)  to  develop  weighted  selection  criteria  and  a  rank¬ 
ing  system  that  DA  personnel  could  use  to  decide  whether  to  use  RBCs,  and  (b) 
to  develop  a  stepwise  approach  useful  to  DA  personnel  who  are  seriously  con¬ 
sidering  use  of  RBCs. 
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Outline  of  Report 


Chapter  1  provides  background  information  on  the  Army's  need  to  examine 
the  alternative  of  using  RBCs  to  bring  existing  trickling-filter  plants  into 
compliance  with  NPDES  requirements  and  also  lists  the  information  most  often 
needed  by  Army  personnel  considering  use  of  RBCs. 

Chapter  2  describes  the  RBC  equipment  available  from  various  U.S. 
manufacturers  and  the  many  existing  trickling-filter  plants  using  RBCs  as 
retrofit  upgrading  systems.  Guidance  on  deciding  whether  to  use  RBCs  is 
presented,  along  with  a  weighted  selection  criteria  or  ranking  system. 

Chapter  3  presents  the  most  current  design  guidelines  of  RBC  technology, 
particularly  for  the  special  application  of  upgrading  trickling-filter 
effluents.  Detailed  answers  to  the  questions  listed  in  Chapter  1  are  pro¬ 
vided. 

Chapter  4  suggests  a  stepwise  approach  that  DA  personnel  can  follow  when 
seriously  considering  use  of  RBCs.  These  steps  cannot  replace  detailed  design 
work,  but  can  provide  extensive  information  useful  for  RBCs  with  other  alter¬ 
natives. 

Chapter  5  provides  a  step-by-step  approach  for  upgrading  trickling-filter 
plants  with  RBC. 

Chapter  6  describes  a  possible  modification  of  the  RBC  retrofit  system 
which  could  easily  incorporate  phosphorus  removal  required  by  tertiary  treat¬ 
ment  standards. 

Chapter  7  compares  RBC  performance  criteria  predicted  by  the  manufactur¬ 
ers  with  actual  performance  data. 


Mode  of  Technology  Transfer 

The  information  in  this  report  will  be  issued  by  OCE  as  an  Engineer 
Technical  Letter  and  will  be  used  to  upgrade  TM  5-814-3,  Domestic  Wastewater 
Treatment. 
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2  ROTATING  BIOLOGICAL  CONTACTOR  AS  AN  ALTERNATIVE 
RETROFIT  SYSTEM  FOR  UPGRADING  TRICKLING  FILTERS 


General 


Most  (about  95  percent)  DA  STPs  are  the  tricki ing- filter  type;  the 
'•emainder  are  activated  sludge  systems  and  extended  aeration  package  plants. 
Most  of  these  facilities  were  designed  and  constructed  between  1935  and  1945, 
and  many  are  inadequate  to  handle  the  present  hydraulic  and  organic  loadings. 
They  simply  were  not  designed  to  handle  the  stringent  current  and  anticipated 
NPDES  permit  stipulations. 

Both  the  1972  amendments  to  the  Federal  Water  Pollution  Control  Act  (P.L. 
92-500)  and  the  1977  Clean  Water  Act  (P.L.  95-217)  require  that  all  sewage 
treatment  facilities  keep  their  point  source  wastewater  effluents  within 
prescribed  quality  limits.  Treatment  performance  will  be  determined  on  the 
basis  of  meeting  stream  (or  lake  and  estuary)  and  effluent  requirements  set  by 
Federal  and  State  governments.  Section  4  of  TM  5-814-83  provides  guidance  for 
Army  coordination  with  regulatory  agencies  when  treatment  requirements  for 
military  wastewaters  are  established. 

Recently,  two  major  DA  STPs  were  upgraded  to  meet  secondary  or  tertiary 
treatment  requirements,  and  others  are  being  considered  for  upgrading.  As 
effluent  requirements  become  more  stringent,  it  is  anticipated  that  more  DA 
STPs  will  require  upgrading  to  meet  NPDES  permit  stipulations. 


U.S.  and  State  Environmental  Protection 
Agencies'  Treatment  and  Effluent  Standards 


AR  200-1  gives  treatment  regulatory  requirements  for  Army  projects. 

These  regulations  implement  Executive  Orders  and  DOD  Directives  and  generally 
direct  the  Army  to  comply  with  treatment  requirements  established  by  the  USEPA 
and  with  the  State  EPA  having  jurisdiction  over  an  installation.  The  NPDES 
permit  obtained  from  the  applicable  regional  EPA  office  will  generally  deter¬ 
mine  the  treatment  requirements. 

Effluent  requirements  for  new  Federal  facilities  will  be  coordinated  by 
the  Corps  of  Engineers  Design  Office  and  the  EPA  Regional  Federal  Facilities 
Coordinator.  In  countries  or  areas  not  under  U.S.  control  or  administration, 
projects  or  activities  are  subject  to  the  generally  applicable  environmental 
laws,  regulations,  and  stipulations  of  the  foreign  government  concerned. 


3  Evaluation  Criteria  Guide  for  Water  Pollution  Prevention,  Control,  and 
Abatement  Programs,  TM  5-814-6  (Department  of  the  Army,  July  1976). 
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Most  states  require  a  minimum  of  secondary  treatment  for  all  domestic 
wastewaters,  and  some  states  require  additional  removal  of  nitrogen  and/or 
phosphorus  to  prevent  eutrophication  of  water  bodies,  to  reduce  total  oxygen 
demand,  and  to  eliminate  ammonia- nitrogen  toxicity  to  fish.  Some  states  also 
require  that  a  specified  concentration  of  dissolved  oxygen  be  maintained  in 
the  treatment  plant  effluent.  In  critical  areas,  waste  load  allocations  limit 
the  amount  of  pollutants  to  be  discharged.  Consequently,  the  State  regulatory 
agencies  will  impose  various  types  of  advanced  wastewater  treatment  processes 
to  protect  their  water  resources.  The  Army  must  review  the  applicable  State 
guidelines  before  setting  the  treatment  level.  Generally,  local  governments 
do  not  specify  wastewater  treatment  facility  requirements.  Construction  of 
wastewater  treatment  facilities  must  also  conform  to  applicable  zoning  and 
OSHA  requirements  and  to  AR  200-1. 

DA  has  recently  conducted  a  comprehensive  review  of  NPDES  permits  for 
many  Army  wastewater  discha'^ges.'^  Of  the  78  installations  reviewed,  49  had 
been  issued  NPDES  permits  for  64  wastewater  discharges.  Of  the  64  permits 
received,  37  required  only  secondary  treatment,  whereas  21  contained  more 
stringent  limitations.  (Table  1  provides  more  specific  data  on  the  27  permits 
requiring  treatment  beyond  secondary.)  Ammonia-nitrogen  removal  was  indicated 
on  15  permits,  while  phosphorus  removal  was  listed  on  11  perm’ts. 


Upgrading  DA  STP  System  Alternatives 

Numerous  system  alternatives  are  available  for  upgrading  STPs;  however, 
since  most  DA  treatment  facilities  are  of  the  trickl ing-fil ter  type,  this 
presentation  is  confined  to  the  upgrading  of  trickling  filters. 

Consulting  engineering  tirms  tend  to  recommend  abandoning  existing 
trickl ing-fil ter  units  and  replacing  them  with  more  complex,  newer  technology. 
Although  such  technology  should  be  used  when  it  applies  to  specific  wastewater 
problems,  its  processes  are  usually  capital-  and  energy-intensive.  Operating 
and  maintaining  newer  technology  also  requires  specificolly  trained  operators. 
Trickling  filters  have  low  energy  needs  and  are  relatively  easy  to  operate. 
When  combined  with  other  treatment  processes,  existing  trickling  filters  can 
meet  NPDES  discharge  requirements.  Recent  USEPA  reports^  advocate  the  contin¬ 
ued  use  of  trickling  filters  where  they  presently  exist,  because  scrapping 
them  would  be  uneconomical. 


R.  D.  Miller,  C.  I.  Noss,  et  al.,  RBC  Process  for  Secondary  Treatment  and 
Nitrification  Following  a  Trickling  ^ilt^,  TechniefT  Reporl 


5  Upgradi n 
t 1 ons , 

SI udge 
1578). 


Trickling  Filters.  430/9-78-04  (Office  of  Water  Program  Opera- 
[WH-547J,  June' T9 7 8 ) ;  The  Cou pled  Trickling  Fil ter-Activated 
Process:  Design  and  Performance , 


17 


I 


Table  1 


Wastewater  Discharge  Permits  Requiring 
Advanced  Treatment  {64  Permits  Reviewed) 


P 

NH3-N 

Total  N 

BOD 

ss 

Total 

2 

2 

- 

2 

- 

- 

- 

2 

4 

4 

4 

4 

4 

4 

1 

1 

- 

1 

1 

1 

- 

5 

- 

5 

- 

5 

2 

2 

- 

2 

- 

2 

2 

- 

- 

2 

2 

2 

- 

1 

- 

1 

1 

1 

- 

- 

- 

8 

8 

8 

Total 

11 

Is 

4 

23 

16 

27 

Another  alternative  is  expanding  existing  units  by  adding  more  trickling 
filters.  With  the  proper  design  and  operation,  such  an  addition  would  insure 
nitrification  and  effective  BOD  removal,  as  well  as  meet  the  required  effluent 
standards.  However,  recent  cost-effectiveness  studies^  of  treatment  plants 
show  that  for  small  STPs  (which  are  typical  of  DA  facilities),  trickling 
filters  are  more  expensive  than  RBC  units  for  comparable  treatment  perfor¬ 
mance.  Furthermore,  the  land  requirement  for  trickling-filter  units  is 
greater,  which  may  limit  their  use  in  existing  STPs  where  expansion  space  may 
be  1 imited. 

A  promising  alternative  is  upgrading  existing  trickling-filter  treatment 
plants  with  RBC.  RBC  technology  has  the  potential  to  upgrade  activated  sludge 
plants  and  trickling-filter  units  economically  and  effectively,  thus  retaining 
and  using  DA's  expensive  secondary  STP  capital  equipment.  (Chapter  3 
discusses  RBC  technology  and  provides  case  histories  of  trickling-filter 
plants  upgraded  with  RBC.) 

^  J.  L.  Pierce,  et  al . ,  An  Evaluation  of  the  Cost-Effectiveness  of  the  RBC 
Process  in  Combined  Carbon  Oxidation  and  Nitrification  Applications,  paper 
presentecf  ar'tTTe  Ffrst  National  Symposium  ''  '  RBC  Technology,  Pi ffWurgh,  PA 
(February  1980),  Vol  1  --  PB81-124539,  Vo.  i.  —  PB81-124547;  P.  T.  Sun,  et 
al..  Computerized  Cost  Effective  Analysis  of  Fixed  Film  Nitrification  Sys¬ 
tems,  paper  presente(r~at  the  First  National  Symposium  RBC  Technology,  Pitfs 
Furgh,  PA  (February  1980),  Vol  1  -  PB81-124539,  Vol  2  -  PB81-124547. 


of  Trickling-Filter  Plants 


There  are  currently  more  than  600  commercial  RBC  installations  in  West 
Germany,  France,  and  Switzerland,  primarily  serving  populations  ranging  from 
12,000  to  100,000,  and  treating  a  variety  of  domestic  and  industrial  wastes. 
Since  1972,  the  number  of  STPs  in  the  United  States  that  use  RBCs  has 
increased  to  more  than  300,  with  another  300  in  the  planning  stages. 

There  is  no  doubt  that  RBCs  have  demonstrated  their  effectiveness,  relia¬ 
bility,  and  economy  in  a  wide  range  of  applications  in  the  treatment  of  domes¬ 
tic  and  industrial  wastes.  The  main  advantages  of  the  RBC  system  appear  to  be 
its  relatively  simple  operation  and  its  reduced  power  costs.  These  advantages 
make  the  RBC  system  an  attractive  alternative  to  trickl ing-fil ter  and 
activated  sludge  treatment  plant  facilities. 

An  ERA  Waste  Pollution  series  report^  notes  that  the  RBC  process  can 
achieve  secondary  effluent  quality  or  better,  including  nitrification;  conse¬ 
quently,  the  EPA  considers  the  RBC  to  be  a  potential  municipal  wastewater 
treatment  alternative.  However,  the  use  of  RBCs  to  upgrade  trickl ing-fil ter 
treatment  facilities  is  a  new  and  special  application  of  the  RBC  technology. 

DA  personnel  have  many  questions  when  comparing  RBC  technology  with  other 
available  processes.  Table  2  presents  the  most  commonly  asked  questions  and 
provides  short  answers  to  them;  in  addition,  the  table  refers  the  reader  to 
parts  of  this  report  containing  more  detailed  answers. 


Environmental  Pollution  Control  Alternatives  --  Municipal  Wastewater,  EPA 
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Table  2 


Questions  and  Answers  About  RBC  Application  to 
Upgrading  Existing  DA  Trickl ing-Fil ter  Treatment  Plants 


Where  detailed 
information  can 
be  found  in  this 

_ Question _ Short  Answer _ report _ 

1.  Can  RBCs  be  re-  RBC  effluent  3  to  16  mg/L  soluble  BOD  Chapters  3  and  4 

trofitted  to  exist-  (>85%  removal);  1.6  to  2.3  mg/L  NH3-N 

ing  trickl ing-fil ter  (81  to  98  percent  removal)  suspended 
facilities  to  meet  solids  removal  is  equivalent  or  better 
BOD,  suspended  than  trickl ing-fil ter  (TF)  effluent 

solids,  and  solids  removal.  Overall  effluent 

ammonia-nitrogen  re-  quality  is  better  than  secondary  re¬ 
moval  requirements?  quirements  and  meets  NPDES  nitrifica¬ 
tion  permit  standards. 

2.  How  can  one  tell  When  land  requirement  for  RBC  retrofit  Chapters  3  and  4 

if  RBC  technology  is  to  existing  TF  can  be  met  (see  ques- 

right  for  a  particu-  tion  No.  6)  and  the  poor  performance 
lar  situation?  of  the  existing  TF  is  not  due  to  toxic 

chemicals,  RBC  technology  can  be  ap¬ 
plied.  Guaranteed  performance  can  be 
negotiated  with  RBC  manufacturers. 

3.  Is  the  process  Properly  designed  RBC  units  with  cov-  Chapter  4 

reliable  and  effec-  ers  arc  effective  and  reliable  in 

tive  in  a  variety  of  various  climates  and  loadings, 
climates  and  under  (Although  effluent  NH3-N  concentration 
hydraulic,  organic,  responds  to  varying  influent  NH3-N  and 
and  ammonia  load-  org-c  concentrations,  the  NPDES  per- 
ings?  mits  for  NH3-N  can  be  met). 

4.  Will  the  RBC  The  prevalent  scheme  of  retrofitting  Chapters  3  and  4 

process  require  ex-  TFs  with  RBC  units  between  primary  and 

tensive  modification  secondary  clarifiers  (in  series  or 
to  existing  DA  STPs?  parallel  to  existing  TF  operation)  re¬ 
quires  minimal  modification,  thus  re¬ 
taining  and  using  DA’s  secondary  STP 
capital  equipment. 
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Table  2  (Cont'd) 


Question 


5.  What  are  the  ap¬ 
propriate  design 
cri teria? 


6.  What  are  the 
system's  land  re¬ 
quirements? 


7 .  How  much  does  i t 
cost? 


Short  Answer 


Depending  on  influent  soluble  BOD  and 
hydraulic  loading,  total  RBC  surface 
area  requirement  can  be  determined 
from  design  curves  or  tables  supplied 
by  manufacturers  to  obtain  a  specified 
effluent  soluble  BOD  concentration. 
Temperature  correction  (below  550F)  is 
required.  Additional  area  for  nitrif¬ 
ication  (from  another  design  curve  or 
table)  can  be  determined  after  soluble 
BOD  is  reduced  to  15  mg/L  or  below 
(not  >0.5  lb  BOD/1000  sq  ft-day  load¬ 
ing).  Staging  and  configuration  will 
then  be  selected  from  available  module 
sizes  to  minimize  the  total  number  of 
RBCs  and  shafts  to  be  used.  If  addi¬ 
tional  secondary  clarifier  capacity  is 
needed,  use  500  to  800  gpd/sq  ft  over¬ 
flow  rate. 

Approximately  500  sq  ft/shaft  (for  the 
RBC  units  alone).  This  is  equivalent 
to  3000  sq  ft,  including  walkways 
between  tankages,  required  for  a  1.0 
mgd  treatment  plant  in  retrofitting. 


About  $0.3  million  per  mgd  flow 
present-worth  cost  range  of  1  to  10 
mgd  (including  installation)  for  up¬ 
grading  TF  effluents. 


Where  detailed 
information  can 
be  found  in  this 
report _ 


Chapter  4 


Based  on  the  di¬ 
mensions  of  the 
largest  sizes  of 
RBC  assemblies 
of  manufacturers 
and  adequate 
walkways  in 
between  as  well 
as  sidewalks. 
Chapter  4 


Chapter  5 
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Table  2  (Confd) 


Where  detailed 
information  can 
be  found  in  this 
report _ 

Site  preparation  requires  only  level-  Chapter  4 
ing  of  unloading  areas  and  meeting  the 
minimal  road  width  and  overhead  clear¬ 
ance  for  the  delivery  trailer.  In-  Autotrol  Co. 
stall ation  requires  placing  bearing  design  manual 
base  plates  and  the  drive  packages  on 
tankages  previously  built  on-site. 

Estimated  installation  time;  1/2  Geo.  A.  Hormel 

man-day  for  the  first  shaft;  1/3  man-  Co.  design  manu- 
day  for  the  second  shaft;  iM  man-day  al 
for  all  others.  Startup  is  very  sim¬ 
ple,  taking  2  or  3  weeks  to  reach  full 
operation.  More  time  is  required  to 
start  nitrification  during  the  winter. 

Storage  area  for  RBC  units  is  required 
before  installation. 

9.  Can  the  RBC  pro-  Shipment  18  to  20  weeks  after  receipt  Chapter  4 

cess  be  obtained  and  of  order  is  common.  A  tight  compli-  and  Geo.  A, 

installed  in  a  tight  ance  schedule  can  be  met  once  instal-  Hormel  Co.  in¬ 
compliance  schedule?  lation  is  begun.  formation 

10.  What  are  the  Less  than  required  for  any  biological  Chapter  4 

skill  and  manpower  treatment  processes  except  oxidation 

requirements?  ponds. 

11.  What  are  the  Minimal  compared  to  other  biological  Chapter  4 

operational  and  treatment  processes  except  extended 

maintenance  prob-  aeration  and  oxidation  ponds.  No  odor 

lems?  and  filter  flies  problem  when  designed 

and  operated  correctly. 

12.  Will  the  system  None,  other  than  its  inability  to  re-  Chapter  3 

require  process  1 im-  move  toxic  and  nonbiodegradable  chemi- 
itation,  applicabil-  cals. 

ity,  and  restraints? 

13.  Can  RBC  units  Phosphorus  can  be  removed  to  2.0  mg/L  Chapter  6 

remove  phosphorus?  or  less  by  combining  low-level  lime 

addition  and  RBC  recarbonation. 


8.  Are  RBC  units 
easy  to  install  and 
start  up?  What 
about  site  prepara¬ 
tion? 
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Table  2 


(Cont'd) 


Question 


14.  How  does  RBC 
technology  compare 
with  other  technolo¬ 
gies? 


What  are  process 
advantages/di sadvan- 
tages? 


15.  How  does  energy 
consumption  compare 
to  that  of  other 
processes? 


Short  Answer 


Where  detailed 
information  can 
be  found  in  this 
report  _ 


RBC  technology,  particularly  when  used  Chapter  3 
in  conjunction  with  trickling  filters,  Table  4 
is  relatively  new.  However,  from  all 
indications,  the  technology  is  reli¬ 
able  and  cost-effective  when  compared 
with  activated  sludge  processes  for 
small  facilities  (0  to  10  mgd)  and 
with  all  sizes  of  trickl ing-fil ter 
pi  ants . 

RBC  is  simpler  to  operate  and  has  a 
potentially  lower  energy  requirement. 

RBC  may  be  more  capital-intensive,  but 
the  total  cost  (capital  and  O&M)  is 
less,  particularly  when  applied  to  re¬ 
trofitting  condition. 

Among  RBC,  trickl i ng-fil ter ,  activated  Chapters  4  and  5 
sludge  and  land  treatment  processes, 
trickling  filter  uses  the  leas+  ener¬ 
gy.  The  RBC  manufacturers’  low  esti¬ 
mate  of  energy  consumption  is  slightly 
higher  than  that  of  the  trickling 
filter,  but  the  high  estimates  are 
comparable  to  activated  sludge  and 
land  treatment  processes.  However, 
the  ERA  (CAPDET)  computer  cost  esti¬ 
mate  indicates  that  RBC  is  one  of  the 
highest  energy-demanding  treatment 
processes.  With  insufficient  opera¬ 
tional  data  from  existing  systems,  it 
may  be  assumed  that  for  facilities 
from  0  to  5  mgd  capacity,  RBC  requires 
an  couivalent  or  slightly  smaller 
amount  of  energy  than  activated  sludge 
processes.  (Note;  some  manufacturers 
provide  a  rebate  if  the  tested  energy 
consumption  is  higher  than  the 
manufacturer's  guaranteed  figure.) 
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Tdlile  2  (Cont'd) 


Quest! on 


Short  Answer 


16.  What  are  the 
sludge  characteris¬ 
tics,  potential  need 
of  cl ari fication, 
and  clarifier  design 
cri teri a? 


Sludge  generated  from  the  RBC  process 
has  a  better  settling  characteristic 
than  activated  sludge.  As  a  retrofit 
system  to  upgrade  trick! ing-fi 1  ter  ef¬ 
fluents,  the  RBC  sludge  characteristic 
is  not  much  different  from  trickling 
filter  sludge.  Manufacturers  recom¬ 
mend  500  to  800  gpd/so  ft  as  an  ap¬ 
propriate  loading  for  clarifiers 
without  nitrification,  depending  on 
the  desired  suspended  solids  level  of 
the  clarified  effluent.  When  nitrifi¬ 
cation  occurs,  or  when  an  effluent  of 
less  than  15  mg/L  of  suspended  solid 
is  desired,  chemical  flocculation  and 
a  lower  loading  of  400  to  500  gpd/sq 
ft  should  be  used.  Filtration  is  re¬ 
quired  to  meet  tertiary  effluent 
treatment  standards. 


17.  What  is  the  With  the  very  short  history  of  RBC  ap- 

1 i fe  expectancy  of  plication  in  this  country,  the  life 

major  components?  expectancy  of  major  components  is  not 

fully  known.  Although  many  manufac¬ 
turers  provide  test  data  on  their  ma¬ 
jor  RBC  components  with  load  cycles 
(structure)  of  a  20-year  equivalent, 
the  life  expectancy  on  the  RBC  media 
is  uncertain.  The  warranty  period 
generally  runs  from  1  to  5  years  for 
mechanical  equipment,  10  years  for 
media,  and  20  to  30  years  for  shafts, 
depending  on  the  bid  documents. 
Media/shaft  failures  have  been  docu¬ 
mented,  but  manufacturers  indicate 
that  current  designs  are  much  im¬ 
proved.  (In  fact,  one  sewage  treat¬ 
ment  facility  which  uses  RBC  technolo¬ 
gy  for  secondary/nitrification  has  ex¬ 
perienced  significant  failure  prob¬ 
lems  . ) 
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Where  detailed 
information  can 
be  found  in  this 
report 


Chapter  4 


Chapter  4 
Chapter  3 


Table  2  (Cont'd) 


Quest! on 


18.  What  new 
developments  are  an¬ 
ticipated  for  RBC 
technol ogy? 


19.  What  are  the 
safety  considera¬ 
tions? 


20.  What  are  the 
opinions  of  RBC 
plant  operators? 


21 .  What  i nforma- 
tion  is  available 
regarding  structural 
failure  of  RBC  com¬ 
ponents  ? 

22.  Are  there  any 
manuals  which  discuss 
the  operation  of 
rotating  biological 
contactors? 


Short  Answer 


RBCs  with  air-drive  units  instead  of 
mechanical -drive  units  have  recently 
been  placed  on  the  market.  This  type 
of  unit  can  be  applied  to  stronger 
sewage  treatment  as  well  as  to  upgrad¬ 
ing  trickl ing-fil ter  effluents. 

Lack  of  oxygen  in  the  air  within  the 
RBC  enclosure  (cover),  which  may  lead 
to  breathing  difficulty  unless  proper 
ventilation  (forced  ventilation  in 
many  cases)  is  provided.  Caro  should 
be  exercised  around  any  operating 
equipment.  Safety  considerations  are 
no  different  from  those  of  trickl ing- 
fi 1  ter  processes . 

Most  are  happy  with  the  RBC  facili¬ 
ties,  noting  that  they  are  easy  to 
operate  and  maintain.  Grease  balls 
formed  during  the  RBC  process  present 
only  a  minor  maintenance  nuisance. 
However,  certain  installations  have 
experienced  problems. 

See  question  17  above. 


Volume  1  of  Operation  of  Wastewater 
Treatment  Plants  --  A  Field  Study 
Training  Program,  2nd  edition, 

USEPA  Office  of  Waste  Program 
Operations  Municipal  Permits  and 
Operations  Division,  Grant  No. 
T900690010. 
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3  RBC  MODULES  AND  MANUFACTURERS 


Equipment  Description  of  Various  RBC  Manufacturers 


The  RBC  system  is  one  of  the  many  forms  of  fixed- film  biological  treat¬ 
ment  technology.  In  this  technique,  biologically  active  masses  are  grown  on  a 
series  of  discs  that  slowly  rotate,  alternately  exposing  the  biomass  to  the 
wastewater  stream  and  the  air  above  it. 

The  lightweight,  compact,  plastic  discs  provide  a  very  large  surface  area 
per  unit  volume  of  tankage  for  the  growth  of  active  biomass  and  yet  furnish 
sufficient  space  between  discs  to  prevent  clogging.  The  discs  can  be  either 
mechanically  driven  or  air-driven.  Aeration  with  rotating  discs  supplies  suf¬ 
ficient  dissolved  oxygen  to  the  attached  biomass  and  prevents  development  of 
anaerobic  conditions.  Figures  1,  2,  and  3  are  photographs  of  the  media,  tank, 
and  enclosure,  respectively. 

There  are  several  RBC  manufacturers  in  this  country.  At  this  time,  major 
manufacturers  are: 


Autotrol  Corp. 

1701  West  Civic  Drive 
Milwaukee,  WI  53209 

Clow  Corp. 

56  Industrial  Div. 

Florence,  KY  41042 

Geo.  A.  Hormel  and  Co. 

11501  Yellowbrick  Road 
Coon  Rapids,  MN  55433 

Ral ph  B.  Carter  Co. 

192  Atlantic  Street 
Hackensack,  NJ  07602 

Walker  Process  Corp. 

Div.  of  Chicago  Bridge  &  Iron 
840  Russell  Avenue 
Aurora,  IL  60506 

A  Canadian  company  manufactures  equipment  for  package  treatment  plant  systems 
only: 


CMS  Equipment  Limited 
5266  General  Road,  #12 
Mississauga,  Ontario  L4W  1Z7 
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Figure  1,  Photograph  of  plastic  media. 


Figure  2.  Photograph  of  plastic  media  and  tank. 


Figure  3.  Photograph  of  covered  RBC  units. 

The  RBC  products  can  be  divided  into  two  categories:  rotating  discs  and 
rotating  drums.  The  Ralph  B.  Carter  Co.  manufactures  the  rotating  Bio-Drum, 
while  all  the  other  manufacturers  produce  rotating  discs  of  various  geometry. 

it  (tuj  Bto-Ih’icn 

The  Ralph  B.  Carter  Co.  manufactures  the  floating  Bio-Drum,  which  is  a 
wire  drum  (squirrel  cage)  filled  with  tightly  packed  hollow  plastic  balls 
(Figure  4).  The  buoyancy  of  the  plastic  balls  provides  free  unit  flotation, 
so  all  supports  are  lightweight.  The  drum  is  mechanically  driven  with  dual¬ 
speed  control . 

The  Rotating  Bio-Drum  process  is  different  from  other  RBC  processes  not 
only  in  the  unique  geometry  of  its  growth  media,  but  also  because  it  recom¬ 
mends  that  activated  sludge  be  returned  to  the  biomass  media.  The  settled 
biological  sludge  from  the  clarifier  (after  the  Bio-Drum  unit)  is  partially 
returned  so  that  both  the  fixed  growth  t  suspended  growth  biomass  are 
equally  responsible  for  the  treatment,  me  setup  is  equivalent  to  installing 
a  unit  of  rotating  discs  in  an  activated  sludge  tank.  Normally  a  sludge  age 
of  3  to  4  days  is  maintained.  The  combination  of  the  fixed  and  suspended 
growths  provides  a  very  high,  active  population  of  microorganisms  in  the  unit 
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(equivalent  to  15,000  to  25,000  mg/L  MLSS)  such  that  a  high  organic  loading  of 
500  to  700  lb  BOD5/IOOO  cu  ft-day  (10  kg/m^-day)  can  be  applied. 

No  cover  is  required  for  the  unit,  since  most  of  the  fixed  growth  biofilm 
in  the  drum  is  not  exposed  to  washout  by  rainfall.  The  washed  off  biofilm 
merely  becomes  part  of  the  suspended  growth  in  the  unit,  and  treatment  capa¬ 
city  remains  the  same.  The  Bio-Drum  process  has  been  successfully  operated 
without  a  cover  in  a  very  frigid  climate  (Denmark).®  The  advantage  of  incor¬ 
porating  the  Bio-Drum  with  return  activated  sludge  is  offset  by  the  complexity 
of  its  operation,  which  requires  more  skillful  control.  Thus,  capital  savings 
accrued  by  eliminating  the  cover  will  be  offset  by  the  increase  in  capital  and 
operational  costs  for  sludge  pumping. 

P.:-tat'.ng  Disae. 

This  RBC  process  uses  polyethylene  (or  similar  plastic  material)  corru¬ 
gated  sheets  (discs)  as  the  surface  media.  Carbon  black  may  be  added  to  the 
plastic  material  to  reduce  ultraviolet  light  attack  on  the  media.  The  biomass 
stripped  from  the  rotating  discs  leaves  the  unit  permanently.  The  suspended 
biomass  (resulting  from  the  stripping  of  the  fixed  biofilm  and  from  the 
influent  to  the  RBC)  generally  has  a  concentration  below  150  mg/L.  Conse¬ 
quently,  only  the  attached  growth  biomass  is  responsible  for  BOD  removal  and 
nitrification.  Therefore,  fiberglass  covers  or  buildings  are  necessary  to 
avoid  washouts  of  the  attached  growth  by  rainfall. 

Figure  5  shows  a  typical  rotating-disc  RBC  plant.  The  distance  between 
discs  is  controlled  by  spacers.  A  standard  media  of  12-ft*  diameter  and  25  to 
26  ft  long  has  a  total  surface  area  of  100,000  sq  ft  per  shaft.  Where  thinner 
biofilm  is  expected,  high-density  media  of  up  to  156,000  sq  ft  per  shaft  (12- 
ft  diameter  and  26  ft  long)  are  also  available  from  most  manufacturers  for 
nitrification.  The  Clow-Envirodisc  system  permits  on-site  replacement  of 
media  segments  without  disturbing  the  main  shaft  or  removing  it  from  the  tank 
(e.g.,  replacing  segments  of  damaged  discs  or  replacing  standard  media  with 
high-density  media  for  nitrification). 

Autotrol  Corp.  provides  a  new  Aero-Surf  process  in  which  the  discs  are 
air-driven.  An  Aero-Surf  assembly  consists  of  plastic  cups  welded  around  the 
outer  perimeter  of  the  media  and  over  the  entire  length  of  the  contactor.  A 
small  air  header  below  the  media  releases  air  into  the  attached  cups.  The 
captured  air  results  in  a  buoyant  force  which  exerts  a  torque  on  the  shaft 
sufficient  for  rotation.  The  air  supply  controls  the  speed  of  rotation  and 
supplements  the  supply  of  oxygen  through  increased  aeration.  One  blower  can 


®  G.  R.  Fisette,  Operational  Advantages  Obtained  by  Incorporating  a  Bio-Drum 
in  an  Activated  Sludge,  paper  presented  at  the  First  National  Symposium  on 
R6C  Technology,  Pittsburgh,  PA  (February  1980),  Vol  1  --  PB81 -124539,  Vol  2 
—  PB81-124547. 

*  Metric  conversion  factors  for  English  measurements  are  provided  on  p  117. 


30 


operate  many  Aero-Surf  assemblies,  thus  reducing  overall  maintenance  require¬ 
ments  and  allowing  the  rotational  speed  of  each  shaft  to  be  adjusted  individu¬ 
al  ly . 


Staging  of  RBC  media  is  recommended  to  maximize  removal  of  BOD  and 
ammonia-nitrogen.  For  normal  BOD5  removals,  a  minimum  of  three  to  four  stages 
should  be  provided  in  each  flow  stream.  Additional  stages  may  be  added  for 
nitrification  or  for  combined  BCD5  and  NH3-N  removals.  Four  stages  can  be 
provided  on  a  single  shaft  by  providing  three  interstage  baffles  within  the 
tank.  Installations  requiring  two  RBC  units  may  be  placed  in  series  with  a 
single  baffle  in  each  tank,  thus  providing  four  stages.  Four  or  more  units 
are  placed  in  series,  with  each  unit  becoming  a  single  stage.  Figure  6  shows 
the  various  schemes  of  staging  RBC  units. 

The  USEPA  has  provided  recent  information  regarding  RBC  technology  in  a 
Treatability  Manual.^  This  is  included  as  Appendix  C. 


Trickl ing-Fil ter  Plants  Using  RBC  to  Upgrade  Treatment 


Many  RBC  applications  have  been  developed  to  expand  a  plant's  capacity  or 
efficiency.  When  applied  to  existing  trickl ing-fi 1  ter  plants,  the  RBC  system 
can  be  operated  in  parallel  or  in  series  with  trickling  filters.  A  third 
option  is  placing  the  RBC  units  directly  within  primary  or  secondary  clarif¬ 
iers.  Figure  7  shows  the  different  upgrading  schemes,  and  Table  3  lists  the 
plants  where  these  schemes  have  been  used. 

North  Huntington,  PA,  initially  installed  a  rock  trickl i ng-fi 1  ter  plant 
designed  for  50  percent  removal  of  BOD  at  a  flow  of  1.6  mgd.  The  entire  plant 
was  composed  of  primary  clarifiers,  high-rate  rock  trickling  filters,  secon¬ 
dary  clarifiers,  chlorine  contact  tanks,  anaerobic  digesters,  and  sludge¬ 
drying  beds.  Increased  hydraulic  flow  and  more  stringent  effluent  require¬ 
ments  necessitated  increasing  the  plant's  capability  to  86  percent  BOO  removal 
at  a  flow  of  1.76  mgd;  thus,  the  upgrade  consisted  of  a  concurrent  increase  in 
hydraulic  capacity  and  treatment  efficiency.  The  Bio-Surf  system  installed  to 
meet  these  new  requirements  consists  of  four  20-ft-long  RBC  shafts,  providing 
305,000  sq  ft  of  effective  surface  media.  Currently,  the  RBC  operates  in 
parallel  with  the  rock  filter  system  (Figure  7).  The  plant  was  designed  to 
function  either  in  series  or  in  parallel  operation  with  the  t'^ickling  filters. 


^  Treatabil ity  Manual  Vol  III:  Technologies  for  Cortrol /Removal  of  Pollu- 
tants,  EPA-bU0/B-8U-U4Zc  (USEPA,  Office  of  Research  and  Development,  July 

TWT. 
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Figure  5.  A  typical  RBC  plant  using  rotating  discs  for  secondary 
treatment.  (Taken  from  Clow  brochure.) 


ONE  UNIT, 

FOUR  STAGES 

TWO  UNITS  IN  SERIES 
TWO  STAGES  EACH 


THREE  UNITS  IN  PARALLEL, 
FOUR  STAGES  EACH 


MULTIPLE  PARALLEL  FLOW  STREAMS 
FOUR  OR  MORE  UNITS  PER  FLOW  STREAM. 
SINGLE  STAGE  UNITS 


Figure  6.  Various  schemes  of  staging  RBC  units. 
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Facilities  Having  RBC  Technology  Upgrade  in  Existing  Trickling-Filter  Plants 


RAW 

SCVIM6E 


FINAL 

EFFLUENT 


a. 


RBC  in  parallel  with  existing  trickling  filters, 

PA  (Autoti'ol). 


North  Huntington, 


FINAL 

EFFLUENT 


b. 


RBC  in  series  with  existing  trickling  filters.  North  Huntington,  PA 
(Autotrol)  and  Plainville,  CT  (Clow). 


RAW 

WASTEWATER 


PRIMARY 

TREATMENT 

TRICKLING 
FILTER 


EXISTING 

SECONDARY 

CLARIFIER 


FINAL 

EFFLUENT 


BIO -SURF 

BIO-SURF 

NITRIFICATION 

ANOXIC 

DENITRIFICATION 

C 


RBC  in  series  with  existing  trickling  filters,  Birdsboro,  PA  (Autotrol). 


Figure  7.  Various  upgrading  schemes. 


PRIMARY 

CLARIFIER 


.  RBC  in  primary  clarifier  --  no  exist' 
to  upgrade  primary  treatment  in  Edgev 


The  new  plant  evaluations  showed  that  effluent  quality  could  be  upgraded  to 
meet  a  total  effluent  BOD  of  29  mg/L  for  both  series  and  parallel  operation. 

The  town  of  Plainville,  CT,  had  to  upgrade  its  plant  to  increase  BOD 
removal  efficiency  and  add  a  nitrification  stage  before  discharging  effluent 
into  the  Pequabuck  River.  For  a  design  flow  of  3.8  mgd  and  the  expected 
trickl i ng-fi 1  ter  effluent  of  63.8  mg/L  BOD  and  17.5  mg/L  NH3-N  (raw  influent 
180  to  200  mg/L  BOD),  twenty-four  26-ft-long  RBC  shafts  (Envirodisc  of  Clow 
Corp. )  were  installed,  all  housed  in  a  building  with  ventilation  and  tempera¬ 
ture  control  (minimal  temperature  to  be  maintained  at  55®F  ri2.70c]).  Four 
rows  of  RBC  units,  each  consisting  of  six  stages,  are  operated  in  parallel. 

The  first  three  stages  --  each  having  100,000  sq  ft  of  surface  media  --  are 
for  BOD  removal,  and  the  last  three  stages  --  each  having  150.000  sq  ft  of 
high-density  surface  media  --  are  for  nitrification.  A  test  in  1977  showed 
that  the  RBC  units  could  provide  90  to  93  percent  BOD  removal  and  90  to  96 
percent  NH3-N  removal  during  the  summer;  85  to  90  percent  NH3-N  concentrations 
were  easily  met  during  the  winter  (Figure  7).  The  Plainville  Treatment  plant 
uses  multiple-media  filters;  however,  the  RBC  effluents  in  the  secondary  cla¬ 
rifiers  are  subjected  to  polymer  coagulation  before  they  enter  the  filters. 
Current  daily  wastewater  flow  is  about  one-third  the  design  flow  of  3.8  mgd. 
Consequently,  the  trickling  filters  are  disconnected,  with  the  primary 
effluents  fed  directly  to  the  RBC  units.  The  treatment  plant  consistently 
experiences  a  95  percent  BOD  removal  and  98  percent  ni tri f icati on. ^ ^ 

The  Bio-Surf  process  installation  in  the  City  of  Birdsboro,  PA.  is  simi¬ 
lar  to  the  one  at  North  Huntington,  except  that  the  existing  trickling  filter 
was  initially  designed  to  provide  greater  BOD  reduction.  The  original  facil¬ 
ity  produced  effluent  containing  about  56  mg/L  of  BOD  and  suspended  solids. 

The  city  wished  to  upgrade  its  facility  to  meet  effluents  of  approx imately  25 
mg/L  ultimate  oxygen  demand,  which  required  both  nitrification  and  a  signifi¬ 
cant  removal  of  carbonaceous  BOD.  Eight  Bio-Surf  units  were  installed  between 
the  existing  trickling  filter  and  secondary  clarifier  (Figure  7).  These  units 
are  currently  operating  at  an  overall  hydraulic  loading  of  1.2  qpd/sq  ft  with 
a  typical  effluent  containing  12  mg/L  total  BOD  and  1.6  mg/L  of  NH3-N. 

A  recent  study  for  the  Edgewater,  NJ ,  Sewage  Treatment  Plant  showed  that 
the  concept  and  technique  of  upgrading  can  be  easily  applied  to  trickl ing- 
filter  plants  with  primary  clarifiers.  A  false  bottom  can  be  added  to  an 
existing  larifier  and  the  RBC  units  placed  on  top  of  it.  The  wastewater, 
which  passes  the  RBC  units  to  receive  the  designed  biological  treatment,  flows 
to  the  lower  compartment  of  the  clarifier  which  serves  as  a  secondary 

TOr.  a.  Sullivan,  et  al  .  .  Upgrading  Existing  Waste  Treatment  Facilities  Util- 

1  zing  the  Bio-Surf  P'^ocesT,'  pape'r^  presented  “aTTFe'  Ffr  sT  TaTTon"aT  'SympdsTum 
oh  RBC  TechrToToqy,  PittsTiurqh,  PA  (February  1980),  Vol  1  --  PBP1  -12453P,  Vol 

2  •  PB81 -12454/. 

''Personal  communication  between  C.  P.  Boon  and  the  Chief  Operator  of  Plain¬ 
ville  Treatment  Plant  (IBhi;). 


clarifier  for  the  Edgewater  facility  in  the  test  program  (see  Figure  7).  This 
RBC/underfI ow  clarifier  concept  is  patented  by  Autotrol  Corporation.  Use  of 
this  technique  for  primary  treatment  at  the  Edgewater  plant  met  the  NPDES 
effluent  level  of  30  mg/L  of  BOD  and  suspended  solids. However,  installa¬ 
tion  of  the  false  bottom  and  the  modifications  to  the  sludge-scraping  mechan¬ 
isms  in  the  primary  tank  can  be  costly.  In  addition,  this  technique  cannot  be 
applied  to  circular  clarifiers.  However,  the  technique  is  useful  if  these  do 
not  exist,  particularly  in  facilities  where  land  availability  is  very  limited. 

Wastewater  that  has  not  been  given  primary  treatment  adversely  affects 
RBC  operation  and  performance.  The  Edgewater  study  showed  that  some  form  of 
pretreatment,  such  as  high-rate  gravity  settling  (using  one  of  the  existing 
clarifiers)  with  a  nominal  overflow  rate  between  7000  and  9000  gpd/sq  ft  (2B5 
to  370  m^/m^-day)  was  required  in  addition  to  the  existing  screen/grit 
chamber.  The  scheme  shown  in  Figure  7  incorporates  this  upgrading  technique 
into  an  existing  trickl i ng-fi 1  ter  plant;  the  added  RBC  units  remove  some  of 
the  carbonaceous  BOD,  while  the  existing  trickling  filter(s)  remove  still 
more. 


The  concept  of  placing  RBC  units  in  clarifiers  can  be  extended  to  the 
scheme  shown  in  Figure  7.  Here,  the  RBC  units  are  installed  in  the  modified 
secondary  clarifiers  so  that  the  existing  trickling  filters  are  operated  pri¬ 
marily  for  carbonaceous  BOD  removal,  while  the  RBC  units  accomplish  both  BOD 
removal  and  nitrification.  To  date,  this  scheme  has  not  been  used.  Table  4 
lists  other  trickl ing-fi 1  ter  plants  in  the  United  States  using  RBC  to  upgrade 
their  effluents;  however,  no  data  on  their  operation  and  performance  have  been 
released  yet. 


Decision  To  Use  or  Not  To  Use  RBC 


Although  RBC  is  a  proven  technology  and  its  application  to  upgrading  has 
been  successfully  demonstrated,  there  are  conditions  under  which  RBC  should 
not  be  used: 

1.  When  the  wastewater  contains  chemicals  known  to  attack  polyethylene 
(e.g.,  chloroform,  acetone,  benzene). 

2.  When  the  existing  trickling  filters  are  in  such  poor  condition  that 
they  require  major  repair  or  modification  (e.g.,  replacing  of  media)  to 
restore  the  originally  designed  performance  level. 

3.  When  the  existing  trickling  filters  do  not  produce  satisfactory 
effluent  qualities  because  of  the  presence  of  toxic  chemicals  and  not  because 
of  underdesign. 

t^Cl  inton  Bogart  Assoc,  and  Hydroscience  Assoc.,  Inc.,  Prel imi nary  Report  to 
ERA  on  Upgrading  Primary  Tanks  With  RBCs  (November  1978) . 
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Table  4 


Plants*  Using  RBC  to  Upgrade  Trickl ing-Fil ter 
Facilities  for  Which  No  Data  Are  Available 


Plant 

and 

Locati on 

Design 

FI  ow 

MGD 

No.  of 

Shaft 

Operating 

Status 

Consul ti ng 

Engi neer 

Boynton  Beach, 
Florida 

1.40 

2 

Since  Sept. 
1975 

Russell  &  Axon 

Daytona  Beach,  FL 

Huntl ey , 

Illinois 

0.28 

4 

Since  Nov. 
1977 

Baxter  &  Woodman,  Inc. 
Crystal  Lake,  IL 

Longmont, 

Colorado 

8.20 

12 

Since  Feb. 
1978 

McCall ,  Ill ingson ,  & 
Morrill,  Inc. 

Denver,  CO 

Superior, 

Nebraska 

0.67 

3 

Start-up 

Aug.,  1978 

Paul  Mousel  &  Associates 
McCook,  NE 

*  All  use  the  Bio-Surf  process.  The  use  of  RBCs  to  upgrade  existing 
trickling-filter  facilities  is  attractive  because  of  the  low  hydraulic 
head  loss  (less  than  6  in.  [152  mm]  for  a  six-stage  scheme);  this 
facilitates  its  use  in  existing  treatment  flow  trains  as  shown  in  the 
various  configurations  in  Figures  7a  and  7e. 


It  would  be  difficult  to  destroy  or  damage  certain  sewage  treatment  tech¬ 
nologies  such  as  activated  sludge  or  trickling-filter  unit  processes  through 
improper  design  or  operation.  Improper  design  or  operation  of  RBC  units 
potentially  could  result  in  structural  failure  problems.  However,  manufactur¬ 
ers  indicate  that  current  designs  are  much  improved.  Even  with  these 
proprietary  assurances,  with  the  very  short  history  of  RBC  technology  applica¬ 
tion  in  this  country,  the  life  expectancy  of  major  components  is  not  fully 
known.  Consequently,  any  RBC  upgrade  of  existing  DA  sewage  treatment  facili¬ 
ties  should  be  accompanied  by  a  negotiated  performance  warranty  and  equipment 
warranty  which  obligates  the  RBC  manufacturer/proprietor  to  provide  new  equip¬ 
ment  or  a  refund  (at  the  Army's  option  if  media,  shaft  failure,  and/or 
ancillary  equipment  fails  or  if  design  standards  are  not  met).  Absence  of 
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this  typo  of  gu<irantoo  is  hiasod  against  other  techno  iogios  wnich  were  not 
selected  due  to  oconoinics,  energy  requirements,  etc.  These  considerations 
important  when  a  pollution  aharement  engineer  wants  to  be  confident  in  the 
credibility  of  any  wastewater  treatment  technology.  However,  one  should  keep 
in  mind  that  if  the  manufacturers '  assurances  are  accurate,  current  designs 
are  much  improved.  Then  RBC  technology  should  be  the  technology  of  choice 
wherever  it  is  most  applicable.  It  is  significant  that  hundreds  of  RBC  plants 
have  been  in  operation  for  several  years  without  experiencing  media/shaft 
fdilui^e  problems. 

Trickling  filters  can  be  upgraded  without  using  RBCs,  e.g.,  andition  of  mor-c 
trickling  filters,  use  of  the  activated  sludge  process,  use  of  effluent  pol¬ 
ishing  lagoons,  or  land  application  of  effluents.  However,  lagoons  and  land 
application  are  not  likely  candidates  because  of  their  large  land  area 
requi rements .  Table  5  compares  and  ranks  the  RBC,  tr ickl i ng- f i 1  ter ,  and 
activated  sludge  methods  acconding  to  their  merits  and  disadvantages  as  retro¬ 
fit  systems.  The  overall  ranking  indicates  that  the  trickling  filter  is  the 
least  favorable  retrofit  system.  The  RBC  and  activated  sludge  process  is  com¬ 
parable  to  the  trickl i ng- f i 1  ter  system  for  larger  installations.  However,  for 
small  instal lations  (5  mgd  or  below),  RBC  seems  to  be  the  best  retrofit  alter¬ 
native.  For  larger  installations,  the  cost  differential  between  RBC  and 
trickling  filters  or  between  RBC  and  the  activated  sludge  process  will  be 
larger  (see  the  Cost  Fstimatiun  section  in  Chapter  5);  thus,  they  w'll  be  a 
less  attractive  alternative. 

Thus,  it  appears  that  installations  above  5  mgd  should  consider  alterna¬ 
tives  other  than  RBC.  If  OSM  simplicity  is  emphasized,  a  high-rate  trickling 
filter  with  plastic  media  and  oxidation  ditch  is  a  potential  candidate.  The 
degree  of  sophistication  m  the  control  and  monitoring  required  for  the 
activated  sludge  process  (with  nitrification)  would  tend  to  rule  out  this 
option  unless  highly  trained  personnel  are  available.  An  ERA  publication^^ 
provides  guidance  on  choosing  among  trickling  filters,  activated  sludge  pro¬ 
cess,  polishing  lagoons,  and  other  upgrading  techniques  (filters,  microstrain- 
ing.and  activated  carbon). 

The  point  is  that  engineer! nq  A/E  firms  often  do  not  even  consider  RBC 
technology  as  one  of  many  viable  alternatives  which  should  evaluated  for 
technical /economical  attributes  for  a  particular  site-specific  application. 

DA  personnel  should  reouest  A/E  firms  to  evaluate  a]J  viable  upgrading  techno¬ 
logies,  including  RBC  retrofit  strategies. 
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Table  5 

Comparison  and  Ranking  of  RBC,  Trickl ing-Fi 1  ter ,  and 
Activated-Sludge  Processes 
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Total  below  5  mgd 
above  5  mgd 


DESIGN  GUIDELINES  OF  RBC  TECHNOLOGY  APPLIED  TO 
UPGRADING  EXISTING  TRICKLING-FILTER  FACILITIES 


Soluble  Carbonaceous  BOD 


Nearly  all  RBC  systems  provide  large  surface  media  to  promote  successful 
growth  of  an  active  biofilm  which  oxidizes  wastewater  chemicals.  The  amount 
of  BOD  or  ammonia-nitrogen  that  the  RBC  removes  depends  on  the  loading,  if  all 
other  environmental  factors  are  favorable  (e.g.,  pH,  temperature,  dissolved 
oxygen,  availability  of  nutrients,  alkalinity,  absence  of  toxic  chemicals, 
etc.).  The  loading  in  pounds  of  BOD/IOOO  sq  ft-day  is  comprised  of  the 
hydraulic  load  gpd/sq  ft  and  the  RBC  influent  BOD  concentration. 

Many  RBC  manufacturers  consider  only  the  removal  of  soluble  BOD.  Because 
the  concentration  of  suspended  organic  matter  in  the  RBC  unit  2_s  low  and  the 
wastewater  detention  time  is  short  {1  to  2  hours),  the  suspended  solids  exert 
very  little  oxygen  demand.  This  is  perhaps  the  primary  reason  that  many  RBC 
manufacturers  and  consulting  engineers  consider  soluble  BOD  to  be  the  control¬ 
ling  parameter  in  the  RBC  process  design.  The  soluble  or  total  BOD  removal 
mechanism  is  generally  accepted  as  being  a  first-order  reaction  up  to  a  limit; 
i.e.,  the  BOD  removal  rate  in  Ib/lOOO  sq  ft-day  is  directly  proportional  to 
the  BOD  concentration  applied.  All  RBC  manufacturers  have  collected  enough 
data  from  both  pilot-plant  and  full-scale  plant  studies  to  show  the  appropri¬ 
ate  loadings  at  or  below  which  a  specified  BOD  effluent  can  be  obtained  for 
their  product.  Some  manufacturers  prepare  design  curves,  while  others  prepare 
tables  to  show  the  design  loadings.  Figures  8  and  9  are  examples  of  design 
curves,  and  Table  6  ’s  an  example  of  design  loadings.  Using  either  the  design 
curves  or  design  loadings  prepared  by  the  manufacturer,  one  can  determine  the 
area  of  surface  media  required  for  a  specific  need.  In  the  Carter  Bio-Drum 

Table  6 

Soluble  BOD  Loading  Rates  (Clow  Corp.) 


Design  Effluent  Soluble 
BOD  Concentrations 

mg/L 

5 

10 

15 

20 

25 

30 


Soluble  BOD  Application 
Rate 

1 b/1000  sq  ft-day 
1 

1  1/2 
2 

2  1/4 
2  1/2 
2  3/4 
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process,  where  the  area  of  surface  media  cannot  be  accurately  assessed,  a 
design  loading  of  Ib/day  per  unit  down  volume  is  used.  The  manufacturer  pro¬ 
vides  a  design  performance  curve. 


Hydrau! ic  Flow  and  Flow  Variations 

The  performance  of  the  RBC  process  in  terms  of  normal  diurnal  flow  pat¬ 
terns  is  reflected  in  the  BOD  removal  design  curves  or  design  loadings  pro¬ 
vided  by  the  manufacturers.  Generally,  with  properly  designed  RBC  units,  the 
hydraulic  detention  time  of  the  wastewater  in  the  RBC  tankage  is  1  to  1  1/2 
hours.  Based  on  full-scale  plant  operational  experience,  this  detention  time 
is  adequate  for  the  specific  BOO  removal.  It  is  not  necessary  to  adjust  the 
design  hydraulic  loading  to  account  for  diurnal  flow  patterns.  Slight  changes 
in  the  treatment  levels  caused  by  flow  fluctuations  do  not  affect  the  daily 
average  treatment  performance  as  long  as  peak-to-average  flow  ratios  do  not 
exceed  2.5.  However,  for  flow  ratios  above  this  value,  the  design  average 
flow  should  be  increased  to  meet  the  2.5  peak-to-average  ratio,  or  flow  equal¬ 
ization  should  be  incorporated  into  the  pretreatment  scheme. 


Nitrification 


Wastewater  may  contain  both  organic  nitrogen  and  ammonia-nitrogen,  and 
perhaps  negligible  amounts  of  nitrite  and  nitrate.  The  RBC  process  is  not 
expected  to  remove  a  significant  portion  of  the  organic  nitrogen  because  of 
the  short  hydraulic  detention  time  provided  for  such  action.  However, 
ammonia-nitrogen  can  be  oxidized  successfully  in  the  RBC  unit  if  the  BOD  con¬ 
centration  is  30  mg/L  or  less  (soluble  BOD  15  mg/L  or  below).  At  BOD  concen¬ 
trations  above  this  value,  the  carbon-oxidizing  bacteria  predominate  and  out- 
compete  the  nitrifiers.  Consequently,  nitrification  can  proceed  only  at  a 
very  slow  rate,  if  at  all. 

Based  on  their  full-scale  plant  operations,  the  RBC  manufacturers  also 
provide  design  curves  or  tables  of  design  loadings  from  which  the  required 
surface  media  for  any  level  of  nitrification  can  be  determined.  Similar  to 
BOO  removal,  the  typical  design  curves  (Figures  10  and  11)  and  the  table  of 
design  loadings  (Table  7)  suggest  that  NH3-N  loading  (lb/1000  sq  ft-day)  is 
the  design  parameter.  (NH3-N  loading  consists  of  hydraulic  loading  in  gpd/sq 
ft  and  NH3-N  concentrations.)  No  established  procedure  is  given  in  the  design 
of  the  Carter  Bio-Drum  process  for  NH3-N  removal. 
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WASTEWATER  TEMPERATURE  >  BS*F 

influent  NH5-N(M6/L) 


14 


Figure  10.  Design  curves  for  NH3-N  removal.  (From  Autotrol 
Design  Manual  [Autotrol  Corp.,  1979) 


00 


95 


90 


85 


80 


75 


‘  ‘  ‘  ‘  ‘  ‘ 
0.5  1.0  1.5  2.0  2.5  3.0  35 

OAL3/OAY/FT2 

Figure  11.  Design  curves  for  NH3-N  removal. 

(From  Design  Manual  ,  Catalog  Sheet  10.130 
[George  A.  Hormel  and  Company]) 


Table  7 


Nitrification  Loading  Ratos,  Clow  Corp. 
(for  approximate  and  preliminary  sizing) 


Design  Effluent 
NH3-N  Concentration 

mg/L 

1 

2 

3 

4 

5 

6 

7 

8 


Leading  Rate 
(Influent  10  to  30  mg/L) 

lb  NH3-N/IOOO  sq  ft-day 

0.23  to  0.27 
0.30  to  0.32 
0.33  to  0.40 
0.35  to  0.45 
0.36  to  0.50 
0.38  to  0.58 
0.43  to  0.65 
0.50  to  0.70 


Note;  The  consideration  on  hydraulic  flow  variation  given  in  BOD  removal 
should  also  be  given  in  nitrification. 


High  Ammonia  Concentration  and  Alkalinity  Requirement 

The  design  loadings  for  nitrification  provided  by  the  manufacturers  are 
based  on  higher  rates  of  nitrification  with  higher  concentrations  of  influent 
NH3-N.  There  are  indications  from  both  pilot  and  full-scale  plant  studies 
that  for  wastewater  containing  more  than  30  mg/L  NH3-N,  the  removal  will  be  at 
a  maximum,  constant  rate  of  approximately  0.3  lb/1000  sq  ft-day.  Therefore, 
in  determining  the  surface  media  required  for  nitrification,  one  must  deter¬ 
mine  the  surface  area  required  to  reduce  the  ‘IH3-N  concentration  from  the 
influent  value  to  30  mg/L  at  a  constant  rate  of  0.3  lb/1000  sq  ft-day.  The 
balance  of  removal  will  then  be  ascertained  according  to  additional  surface 
area,  as  determined  from  the  manufacturer ' s  design  curves  or  design  loadings. 

Wastewater  alkalinity  is  another  nitrification  design  factor.  Hydrogen 
ions  generated  in  nitrification  neutralize  the  wastewater  alkalinity.  In  nit¬ 
rification,  about  7.1  mg/L  of  alkalinity,  expressed  as  calcium  carbonate,  is 
required  to  remove  1  mg/L  of  NH3-N.  In  addition,  a  residual  alkalinity  of 
approximately  30  mg/L  should  be  maintained  in  the  wastewater  to  avoid  fluctua¬ 
tions  in  plant  influent  alkalinity  and  thus  minimize  the  probability  of 
exhausting  the  wastewater's  buffer  capacity.  Depressing  pH  below  neutrality 
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win  reduce  the  rate  of  nitrification.  The  optimal  pH  level  for  nitrification 
is  8.4,  although  nitrifiers  can  grow  very  slowly  at  a  pH  of  6.0.  Chemical 
supplement  to  increase  alkalinity  may  be  necessary  if  the  wastewater  alkalin¬ 
ity  is  '' ow . 


Temperature 


Temperature  affects  both  the  rate  of  carbonaceous  BOD  oxidation  and  the 
rate  of  nitrification.  Low  temperature  slows  down  the  biological  reaction 
such  that  a  specific  correction  factor  for  each  case  must  be  applied  to  reduce 
the  loading. 

All  RBC  manufacturers  provide  separate  curves  or  tables  of  temperature 
correction  factors  for  BOD  removal  and  nitrification,  except  the  Walker  Pro¬ 
cess  Corp.,  which  provides  one  curve  applicable  to  both  cases.  Most  manufac¬ 
turers  recommend  that  the  temperature  correction  be  applied  when  the  wastewa¬ 
ter  temperature  is  below  (12.60C). 

No  adjustment  to  higher  loading  is  allowed  for  wastewater  temperatures 
higher  than  550F  (12.60C).  Only  Autotrol  Corp.  allows  adjustment  to  higher 
NH3-N  loading  when  the  wastewater  temperature  is  above  BB^F  (12.600  (up  to 
6BOF  [I8.2OC]).  Since  NPDES  permits  usually  require  lower  NH3-N  levels  in  the 
effluent,  a  larger  surface  media  requirement  would  be  needed.  Allowing 
adjustment  to  higher  NH3-N  loading  in  the  design  when  wastewater  temperature 
is  higher  will  result  in  some  saving  of  the  surface  media. 

It  is  much  more  difficult  to  establish  a  significant  population  of  nit¬ 
rifiers  on  the  surface  media  during  the  winter.  Consequently,  it  is  prefer¬ 
able  to  start  a  new  RBC  facility  in  warmer  weather.  Optimal  control  of  alka¬ 
linity  and  pH  may  improve  cold-weather  operational  characteristics. 


Combined  BOD  Removal  and  Nitrification 


RBC  is  often  used  for  combined  BOD  removal  and  nitrification,  particu¬ 
larly  in  trickling-filter  plants.  Here,  ammonia-nitrogen  can  be  reduced  both 
through  metabolism  by  the  heterotrophic  bacteria  during  BOD  removal,  and 
through  desorption  (stripping)  of  NH3-N  at  a  pH  of  7.0  or  above  in  the  well- 
agitated  environment  of  the  RBC  unit.  Nevertheless,  these  two  mechanisms  are 
generally  not  considered  in  design,  since  they  provide  only  limited  NH3-N 
removal.  The  main  mechanism  of  NH3-N  removal  is  still  nitrification  by  nitri¬ 
fying  organisms. 

When  an  RBC  system  is  designed  for  both  BOD  removal  and  nitrification, 
the  surface  media  required  should  be  calculated  separately  for  (1)  reduction 
of  soluble  BOD  to  IB  mg/L,  (2)  reduction  of  ammonia  to  the  design  level,  and 
(3)  reduction  of  soluble  BOD  to  the  design  level.  If  the  surface  media 
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requi rements  for  (1)  and  (?)  are  added  and  their  sum  compared  with  the 
requirement  for  (3),  the  greater  amount  is  the  minimum  area  required  for  this 
appl ication. 


Staging  of  Units 

It  has  long  been  established  that  a  plug  flow  reactor  is  more  efficient 
than  a  completely  mixed  reactor  in  chemical  and  biochemical  reactions.  There¬ 
fore,  the  arrangement  of  RBC  media  in  a  series  of  stages  significantly 
increases  treatment  efficiency  when  high-quality  effluents  are  required. 
Retaining  the  concept  of  first-order  kinetics  of  substrate  removal,  organisms 
on  the  first  stage  of  the  media  are  exposed  to  a  high  substrate  concentration 
(BOD  or  NH3-N)  and  respond  by  removing  substrate  at  a  higher  rate.  Although 
the  removal  rate  decreases  from  stage  to  stage  as  the  substrate  concentratior 
decreases,  the  average  removal  rate  is  greater  than  if  all  the  media  were  in  a 
single  completely  mixed  stage,  where  the  organisms  would  be  exposed  to  a  rela¬ 
tively  low  substrate  concentration. 

Staging  of  surface  media  also  has  the  advantage  of  allowing  specific 
microbial  cultures  to  develop  during  stages  most  conducive  to  their  purpose. 
Heterotrophs  are  established  in  the  first  few  stages  where  significant  BOD 
removal  occurs;  this  enables  nitrifying  organisms  to  develop  during  the  latter 
stages,  where  nitrification  occurs. 

Since  the  first  stage  receives  the  highest  loading  of  BOD,  the  biomass 
may  grow  to  undesirable  thicknesses;  a  significant  portion  of  the  mass  may 
then  become  anaerobic,  and  cause  undesirable  forms  of  microbial  life  to 
develop.  Many  RBC  plants  have  experienced  a  limited  oxygen  condition  as  a 
result  of  this  situation.  To  mitigate  this  situation,  the  equivalent  BOD 
loading,  corrected  fo*"  temperature  and  septicity  if  applicable,  should  be  cal¬ 
culated  for  the  first  stage  and  compared  with  the  allowable  limit  recommended 
by  the  manufacturer.  If  the  first  stage  equivalent  loading  exceeds  the  allow¬ 
able  limit,  the  first  stage  should  be  expanded  by  one  or  more  units  until  the 
equivalent  load  is  less  than  the  allowable  limit.  The  Autotrol  Corp.  provides 
a  design  curve  to  determine  the  surface  media  requirement  as  a  percentage  of 
the  total  surface  media. 

High-density  media  are  for  thinner  biomass  growth.  Only  nitrification 
and/or  latter  stages  of  the  RBC  system  receiving  low  BOD  concentration  should 
use  high-density  media.  The  amount  of  high-density  media  allowable  for  a 
specific  application  can  be  calculated  (as  in  the  examples  in  Chapter  5)  or 
determined  from  design  curves  provided  by  the  manufacturers. 

Generally,  a  minimum  of  four  stages  is  provided  for  any  RBC  system.  The 
baffle  between  the  first  and  second  stages  should  be  removable.  If  necessary, 
the  first  stage  can  then  be  expanded  to  eliminate  an  oxygen  limiting  condition 
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to  increase  the  system's  capacity  to  dilute  toxic  Lhemir.ils  m  rtu 
1 nf 1 uent . 


Peci rcul ation  and  Step-Feed  Control 

Most  RBC  manufacturers  do  not  design  for  effluent  rec i rc ul ati on .  Under 
normal  operation  v*ith  a  properly  designed  RBC  system,  rec  i  rcul  at  i on  ooes  not 
improve  operation  or  effluent  quality.  However,  it  is  desirable  when  the 
inflow  rate  is  at  its  high  and  low  extremes. 

At  small  DA  STPs,  where  the  wastewater  inflow  may  drop  siqnifii  an^^ly  for 
days,  such  a  lengthy  period  with  very  little  food  will  starve  the  biofilm,  ano 
there  will  be  inadequate  biomass  to  provide  the  desired  treatment  when  the 
normal  inflow  restarts.  During  this  extremely  low  organic  loading  period, 
flow  should  be  recycled  through  the  sludge  hold/treatment  units  and  then  to 
tne  RBC  units;  the  organic  load  from  the  sludge  unit-'  will  help  maintain  the 
biofilm,  and,  as  a  secondary  benefit,  help  stabilize  and  reduce  the  sludge. 

If  the  RBC  system  receives  an  unexpected  organic  load  or  toxic  load  above  what 
the  designed  condition  allows  for,  recirculation  of  the  RBC  ettluent  will 
dilute  the  organic  or  toxic  load.  Furthermore,  the  diluted  load  will  be  dis¬ 
tributed  more  evenly  to  the  biomass  throughout  the  whole  RBC  system,  and 
treatment  upset  can  bo  avoided.  Since  the  recycled  flow  can  be  adjusted  from 
a  fraction  of  the  inflow  to  several  hundred  percent  of  the  inflow,  the  over¬ 
load  situation,  whether  small  or  large,  can  be  controlled  without  ’owe^rinq  the 
effluent  quality.  This  adds  to  the  flexibility  of  RBC  .vstem  eporat  i  ons ; 
however,  recirculation  also  adds  to  the  first  cost  of  the  RPC  system. 

To  some  extent,  the  organic  overload  or  toxic  load  condition  can  be 
relieved  by  removing  baffles  between  stages  or  by  step-feed  of  the  influent. 
Step- feed  provides  lower-quality  effluent  because  of  the  very  short  hydraulic 
detention  time  allowed  for  the  organic  load  in  the  last  stages.  Also,  in  com¬ 
parison  to  recirculation,  the  decree  to  which  the  organic  or  toxic  load  is 
diluted  is  limited  by  using  either  baffles  or  the  step- feed  scheme.  However, 
unlike  recirculation,  removing  baffles  or  step- feed  is  not  power- i ntensi ve . 


Supplemental  Air  and  Air-Drive  RBC 

The  addition  of  supplemental  air  in  the  RBC  tankage  at  normal  loadinqs 
does  not  improve  the  RBC  process.  Supplemental  air  is  beneficial  only  where 
the  first  stages  are  organically  overloaded  and  there  is  an  oxygen  limiting 
situation.  Since  supplemental  aeration  requires  large  amounts  of  energy,  a 
more  effective  use  of  energy  for  facilities  under  design  would  I'u  to  provide 
additional  RBC  units  rather  than  large  amounts  of  supplemental  ai’^.  Tbe 

^^.P.C.  Boon,  et  al  . ,  "Factors  Controlling  the  Performance  of  RRf,"  J.  Wt’Ci  . 
51  (March  1079),  p  601 . 
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air-drivc  RB(  system,  marketed  only  by  Autotrol  Corp.  under  the  trade  name  of 
Aero-Surf  Process,  provides  plenty  of  air  in  the  entire  RBC  unit.  Conse¬ 
quently,  the  oxygen  limiting  situation  is  completely  eliminated.  However,  the 
energy  expenditure  required  to  supply  this  air  is  a  concern.  The  Aero-Surf 
process  design  criteria  are  based  on  pilot-plant  experience.  Autotrol  Corp. 
is  collecting  full-scale  plant  operating  data  which  will  be  used  to  confirm  or 
modify  the  existing  design  criteria. 

For  the  specific  application  to  upgrading  trie kl i ng- fi 1  ter  facilities,  it 
is  unlikely  that  RBC  design  will  allow  organic  overloading  in  the  first 
stages.  Even  if  organic  overloading  might  occur  in  an  emergency  situation, 

*^he  first  choice  of  remedial  actions  should  be  removal  of  the  baffles  between 
the  affected  stage  and  the  next  stage  downstream.  Supplemental  air  or  air- 
drive  RBC  are  not  likely  candidates  in  this  unique  RBC  application.  However, 
if  air-driven  RBC  units  arc  considered,  Autotrol  Corp.  (currently  the  only 
manufacturer  of  air-driven  RB(  si  suggests  using  the  same  design  criteria  as 
used  in  the  mechanical -drive  RBCs  to  determine  the  surface  media  requirement 
for  both  BOD  removal  and  nitrification.  Also,  temperature  correction  factors 
will  be  the  same  as  for  the  mechanical -drive  RBC  systems. 

Air  requirements  depend  on  the  speed  of  rotation.  The  first-stage  units 
are  usually  rotated  at  l.S  rom,  and  the  latter-stage  units  at  O.P  rpm.  For 
2‘i-ft  shaft  units,  usually  IRO  ACFM  (absolute  cu  ft/min  of  ambient  air)  is 
recommended  per  shaft  for  l.S  rpm  rotational  speed  and  60  ACFM  per  shaft  for 
O.B  rpm.  However,  ?60  ACFM  per  shaft  is  recommended  for  installed  blower 
capacity,  with  the  operating  blower  capacity  set  at  a  level  33  percent  higher 
than  the  estimated  consumed  air  requirements.  For  small,  air-driven  RBC 
i nstal 1 ations  with  less  than  ?U()0  ACFM  operating  blower  rapacity,  one  operat¬ 
ing  blower  sized  to  provide  IJ3  percent  of  the  estimated  consumed  air  require¬ 
ment  and  a  second  stand-by  blower  of  equal  size  are  recommended.  On  larger 
installations,  three  equally  sized  blowers,  each  capable  of  providing  66.7 
percent  of  the  estimated  consumed  air  requirements,  are  generally  preferable. 

Clarification 

Suspended  solids  from  th(  R['.(  effluent  may  be  separated  by  standard- 
design,  secondary  clarifiers  providing  a  surface  overflow  rate  of  800  gpd/sq 
ft  (3?. 6  m-^/m^-day)  for  a  30/30  effluent  (30  mg/L  ROD  and  30  mg/L  suspended 
solids).  The  overflow  raff  should  be  reduced  for  effluents  with  lower  levels 
of  BOD  and  suspended  solids.  Table  P  shows  the-  clarifier  design  criteria 
recommended  by  most  RB(,  manuf a(  turers .  Typical  tertiary  filtration  uses  a  ?- 
ft  layer  of  anthracite  coal  above  a  ?-ft  layer  of  sand  and  a  ?-ft  layer  of 
geavel  with  a  filtration  rate  of  about  i  qpm/sq  ft  (17?. R  m3 -day ) . 


^Autotrol  Wastewater  Treatment  Systems  Design  Manual  (Autotrol  Corp.,  1976). 
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Table  8 


Criteria  of  Clarifier  Design  for  RBC  Effluent 


Effluent  Sus¬ 
pended  -Solids 
mg/L 

Condition  of 

RBC  Effluent 

Clarifier 
Overflow  Rate 
gpd/sq  ft 

Additional 

Suspended  Solid 

Removal  Requirement 

30 

Secondary 
effl uent 

800 

no 

20 

Secondary 
effl uent 

600 

no 

15 

No 

ni tri f ication 

500 

no 

10-15 

Nitrified 

500 

Chemical  flocculation 

prior  to  clarification 

<10 

Ni tri fied 

800 

Chemical  flocculation, 
clari fication,  and 
tertiary  filtration 

Typical  tertiary  filtration  uses  a  2-ft  layer  of  anthracite  coal  above  a 
?-ft  layer  of  sand  and  a  2-ft  layer  of  gravel  with  a  filtration  rate  of  about 
3  gpm/sq  ft  (172.3  nn3/m2-day). 


Sludge  Product  ion 

Like  other  biological  processes,  the  quantity  of  sludge  produced  by  the 
RBC  process  depends  on  the  extent  of  BOO  removal.  Increased  endogenous 
respiration  or  increased  sludge  age  decreases  the  rate  of  net  solids  produc¬ 
tion.  Sewage  characteristics  and  temperature  also  affect  sludge  production. 
Generally,  sludge  production  is  slightly  lower  than  for  suspended  growth  sys¬ 
tems  and  approximately  equal  to  that  of  trickling  filters.  The  sludge  age  of 
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an  RBC  system  is  about  20  rtays^^  longer  than  that  of  activated  sludge 
processes,  which  helps  explain  the  discrepancy  between  sludge  production  in 
RBC  and  suspended  growth  systems. 

Data  from  Autotrol  Corp.  show  a  sludge  y’“ld  coefficient  of  0.05  to  0.5 
lb  per  pound  of  soluble  BOO  removed.  The  yield  coefficient  increases  as  the 
soluble  BOD  concentration  in  the  RBC  effluent  increases.  Adding  this  sludge 
yield  to  the  influent  suspended  solids  concentration  represents  the  sludge 
input  to  the  clarifier.  The  net  sludge  production  depends  on  the  capture  of 
the  suspended  solids  in  the  clarifier.  About  0.4  to  0.6  1b  of  sludge  are  pro¬ 
duced  per  pound  of  total  BOD  removed. 


Land  Requirement s 

Once  a  decision  is  made  to  upgrade  an  existing  facility,  the  planner  must 
consider  the  land  requirements  of  the  selected  retrofit  system.  There  must  be 
enough  space  to  install  the  shallow  tankage  used  with  the  RBC  units. 

Most  RBC  units  are  up  to  12  ft  in  diameter  and  have  up  to  26-ft-long 
shafts,  although  the  customer  can  specify  special  sizes,  A  larger  RBC  module 
will  provide  more  surface  media  per  unit  of  land  area.  The  largest  RBC 
modules  available  provide  100,000  sq  ft  of  standard  surface  media  (150,000  sq 
ft  of  high-density  media)  and  require  a  floor  space  from  450  to  500  sq  ft 
including  walkways  between  tankages  and  other  access  floor  space.  An  RBC 
facility  designed  for  both  BOD  removal  and  nitrification  of  typical  domestic 
wastewater  will  require  about  3000  sq  ft  of  land  area  for  1  mgd  of  flow.  Land 
area  requirement  is  linearly  proportional  to  flow  rates.  A  smaller  surface 
media  requirement  may  decrease  the  amount  of  land  area  needed  depending  on  the 
degree  of  nitrification  required.  The  RBC  units  for  such  application,  includ¬ 
ing  walkways,  may  occupy  2500  to  3000  so  ft  of  land  area  for  1  mqd/day  flow. 
More  detailed  information  regarding  the  influent  characteri stic  (soluble  BOD 
concentration,  NHg-N  concentration ,  temperature,  septicity,  etc.)  and  effluent 
quality  (BOD,  suspended  solids,  NHg-N,  etc.)  will  be  needed  to  determine  the 
land  area  requirement  more  precisely  (see  the  example  calculation  in  Chapter 
5). 


The  Carter  Bio-Drum  prni ess  has  a  standard  drum  size  of  R-ft  diameter  by 
B-ft  length;  usually  one  shaft  serves  two  drums.  A  two-drum-per-shaft  module 
occupies  approximately  400  sq  ft  of  floor  space,  including  walkways.  The 
Bio-Drum  process  generally  receives  a  higher  organic  load  per  unit  volume  than 
conventional  RBC  units.  Therefore,  less  land  space  is  required;  e.g  ,  an 

TfTc.pTir.-  Boon,  et  al..  Evaluation  of  an  RBC  System  to  Upgrade  Trickling  Filter 
Effluents,  paper  presf^ted"  aT’tTi'eT’fi^sT¥afT6nF!  SymposiLmT  oT  RBC  TecTi'n^o^ 
"PTtts))urgh ,  PA  (February  IBRO),  Vol  1  --  PB81  -124539,  Vol  2  --  PB81- 
124547. 
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estimated  2000  sq  ft  of  land  area  is  required  for  a  1  mgd/day  flow,  including 
walkways. 


RBCs  can  be  installed  in  existing  clarifiers,  so  no  additional  land  is 
required.  However,  this  approach  is  more  applicable  in  situations  where  land 
is  extremely  limited. 


Tankage  Vol ume 


RBC  manufacturers  recommend  both  flat-bottom  and  contoured  tanks  for  the 
rotating  media.  The  tanks  can  be  constructed  of  either  steel  or  concrete. 

The  hydraulic  detention  time  of  the  wastewater  in  the  tank  affects  treatment 
efficiency.  Longer  detention  times  of  up  to  45  min  to  1  hour  give  a  higher 
degree  of  treatment;  however,  beyond  this  amount  of  extra  time,  no  further 
improvement  of  performance  will  be  realized.  Data  provided  by  Autotrol  Corp. 
indicate  that  optimal  tankage  volume  is  about  0.12  gal/sq  ft  of  surface  media, 
taking  into  account  the  wastewater  displaced  by  the  media  and  the  attached 
biomass  in  the  tank.  This  value  applies  to  wastewaters  with  a  BOO  concentra¬ 
tion  up  to  300  mg/L.  Baffles  to  separate  the  various  stages  of  RBC  can  be 
constructed  of  a  variety  of  materials,  including  fiberglass,  redwood,  and 
reinforced  concrete.  Removable  baffles  should  be  considered  for  the  first  two 
stages  as  a  possible  remedy  for  the  organic  overloading  condition.  Bottom 
openings  of  various  sizes  between  the  different  stages  are  recommended  by  RBC 
manufacturers . 


Enclosure 

All  RBC  installations  must  be  enclosed  or  protected  from  freezing  tem¬ 
peratures  and  excessive  heat  loss  from  the  wastewater.  Even  in  warmer  cli¬ 
mates,  a  sun  roof  is  required  to  protect  the  polyethylene  media  from  uUin 
violet  light  degradation  and  to  minimize  algae  growth  on  the  media.  Come 
installations  are  constructed  completely  within  one  building,  while  ethers  use 
individual  covers.  Buildings  can  be  constructed  of  any  suitable  corrosion- 
resistant  material.  Individual,  molded  fiberglass  covers  are  provided  by  RP'. 
manufacturers.  Each  cover  is  equipped  with  a  man-access-door  and  an  insiuH 
tion  port.  The  drive  mechanism  is  generally  outside  the  cover,  which  elim¬ 
inates  the  need  to  enter  the  enclosure  for  routine  maintenance.  When  the  RFi 
installation  is  housed  in  a  building,  openings  for  proper  ventilation  shouln 
be  provided.  Operators  in  a  few  enclosed  RBC  installations  have  experienced 
difficulty  in  breathing,  because  oxygen  is  quickly  consumed  by  the  actively 
growing  biofilm. 

At  low  ambient  air  temperatures,  the  high  humidity  in  the  building  will 
cause  condensation  on  the  walls  and  ceiling.  Consequently,  insulation  and/or 
heating  should  be  provided  to  minimize  condensation,  corrosion,  and  operator 
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discomfort.  Moating  of  tfe  onclosurc  to  a  minimum  temperature  of 
(12.60c)  is  recommended. 

The  rates  of  both  BOD  r^M^1oval  and  nitrification  decrease  during  the 
winter  when  wastewater  temperatures  are  lower;  this  will  lead  to  a  larger  sur¬ 
face  media  requirement  and  the  need  for  more  RBC  units,  thus  increasing  both 
the  first  cost  and  O&M  costs.  A  design  engineer  can  estimate  whether  the 
added  cost  of  maintainino  a  temperature  of  b5®F  (12.60C)  and  a  forced  ventila¬ 
tion  in  the  enclosure  can  be  partially  or  completely  offset  py  the  savings 
provided  by  a  smaller  i ns tal 1 a+ ion . 


Ff feet i veness  Under  Changing  Climate  and  Loading  Conditions 


Operational  experience  in  the  United  States  has  shown  the  reliability  and 
effectiveness  of  the  RBC  protoss  under  changing  climate  ano  loading  condi¬ 
tions.  However,  comparison  with  the  activated  sludge  process  shows  that  RPC 
operations  lack  process  flexibility.  Activated  sludge  process  can  adjust  to 
increased  or  decreased  organic  loadings  by  increasing  or  decreasing,  respec¬ 
tively,  the  rate  of  aeration,  resulting  in  more  uniform  effluent  quality. 

More  significantly,  the  RBC  process  lacks  the  important  control  of  food-to- 
biomass  ratio  which  activated  sludge  processes  can  provide  through  sludge  age- 
regulation.  However,  a  properly  designed  RBC  installation  that  uses  the 
proper  loadings,  stagings,  tankage  volume,  enclosure,  etc.,  should  produce  the 
designed  effluent  quality. 

Since  an  RBC  system  resembles  a  plug-flow  process  more  than  a  completely 
mixed  process,  its  effluent  quality  is  more  sensitive  to  influent  characteris¬ 
tic  changes  such  as  tempera  cure ,  organic  loadings,  and  toxic  loadings. 
Nevertheless,  this  problem  can  be  eliminated  early  in  the  design  stage.  It 
must  be  noted  that  the  operator  of  an  activated  sludge  process  must  have  con¬ 
siderable  training  and  skill  to  exercise  the  relatively  sophisticated  controls 
that  provide  this  system's  operational  flexibility.  RBC ' s  operational  simpli¬ 
city,  which  is  its  biggest  advantage,  must  be  kept  in^-act  and  a  design  feature 
introduced  that  could  guarantee  specification  performance  under  varying  cli¬ 
mate  and  loading  conditions. 

First,  the  level  of  eftluent  quality  under  the  NPDFF  permits  (negotiable 
with  regulating  agencies)  must  he  defined  clearly.  Some  permits  may  include  a 
constant  maximum  eftluent  jjuality  limitation,  regardless  of  temperature, 
stream  flow,  wastewater  peak  flow,  etc.,  and  may  require  that  the  RBC  facili¬ 
ties  be  designed  to  meet  effluent  limitations  at  worst  conditions.  The 
required  media  area  can  be  obtained  by  calculating  the  highest  organic  loading 
(the  maximum  multiplication  product  of  the  flow  rate  and  the  organic  concen¬ 
tration).  The  effluent  quality  will  then  meet  the  requirements  at  the  highest 

P.  Filion,  et  al.,  "Performance  of  an  RBC  Under  Transient  Loading  Condi¬ 
tions,"  ■!.  FPCF,  SI  (1079),  p  1925. 


organic  loading  (pounds  of  soluble  BOD/1000  sq  ft-day)  and  will  be  of  a  supe¬ 
rior  quality  at  lower  or  average  loadings.  It  is  possible  that  a  lower 
organic  loading  in  combination  with  the  lowest  wastewater  temperature  will 
result  in  a  requirement  for  a  larger  media  area.  It  is  also  possible  that  trie 
lowest  temperature  will  occur  with  the  highest  organic  loading  to  create  the 
worst  possible  condition.  This  extreme  represents  the  largest  media  area  at 
which  the  maximum  effluent  quality  limitation  will  not  be  exceeded.  However, 
regulating  agencies  seldom  impose  such  severe  limitations  except  in  critical 
areas  to  avoid  wasteful  under-use  of  a  facility. 

Some  permits  may  allow  discharge  of  an  effluent  whose  average  ouality 
(monthly,  weekly,  or  daily)  meets  the  effluent  limitations,  with  a  higher 
value  designated  as  an  allowable  maximum  or  peak.  Design  of  the  RBC  facili¬ 
ties  can  be  based  on  average  organic  loading,  provided  thaf  the  effluent  qu- ' - 
i ty  at  the  highest  organic  loading  condition  does  not  exceed  the  allowable 
maximum  limit.  If  the  allowable  maximum  limit  is  exceeded,  the  required  media 
area  must  be  adjusted  upward  accordingly.  This  situation  applies  mostly  to 
BOD  removal.  An  additional  design  consideration  is  that  the  peak-to-average- 
flow  ratios  should  not  exceed  2.5.  As  mentioned  previously,  either  the  design 
average  flow  should  be  increased  so  that  it  always  meets  the  2.5  peak-to- 
average  ratio,  or  flow  equalization  should  be  incorporated  into  the  pretreat¬ 
ment  scheme. 

A  third  permit  format,  which  includes  either  average  or  constant  daily 
effluent  limitations,  may  vary  the  effluent  quality  limitation  between  summer 
to  winter  to  reflect  the  different  temperatures  and  receiving  stream  tiow 
rates.  This  condition  is  most  applicable  to  NH3-N  limitations,  since  during 
the  winter,  receiving  streams  usually  have  a  higher  flow,  whicti  provides 
better  dilution;  regulation  agencies  recognize  that  nitrification  is  more  dif¬ 
ficult  to  accomplish  at  lower  temperatures.  Calculations  of  both  summer  and 
winter  media  area  should  be  carried  out,  with  the  larger  media  area  control¬ 
ling  the  design. 

When  all  the  considerations  discussed  in  this  section  have  been  included 
in  the  design,  the  RBC  process  can  be  effective  and  reliable  in  producing 
effluents  that  meet  the  required  quality  standards. 


Operatic n?1  and  Maintenan c e_  Requirements 

RBC  O&M  is  very  simple,  with  requirements  limited  to  (1)  occasional  remo¬ 
val  of  baffles  in  the  first  stages,  (2)  change  of  drive-speed  (to  minimize  an 
oxygen  limitation  condition  in  the  presence  of  high  organic  loadings  or  when 
reducing  chemical  loadings),  and  (3)  occasional  partial  shutdown  of  the  facil¬ 
ity  when  flow  and  organic  loading  over  a  lengthy  period  are  too  low.  Small 
facilities  with  weekend  and  holiday  zero  flow  rates  may  require  recirculation 
of  effluent  (see  p  48).  Routine  maintenance  includes  inspection  1  to  2 
minutes/day/shaft,  bearing  lubrication  once  a  month  (some  manufacturers 
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provide  lubrication- free  bearings),  and  changing  oil  in  the  drive  gears  oni.r 
every  6  or  1?  months. 

According  to  Autotrol  Corp.'s  field  data,  G&M  manpower  requirements  are 
approximately  1  manhour  per  shaft  assembly  per  week  for  facilities  with  4  to 
10  shafts.  This  requirement  decreases  to  0.5  manhour  per  shaft  assembly  per 
week  for  facilities  with  20  to  30  shafts.  The  Aero-Surf  process  indicates 
that  these  manpower  requirements  may  be  reduced  by  50  percent  if  the  multiple 
mechanical -drive  assemblies  are  eliminated.  Figure  12  shows  the  relative 
manhour  requirements  of  activated  sludge,  trickling  filter,  and  RBC  plants  of 
various  design  flows. 


Operational  Skill  Requi rement 


The  simplicity  of  RBC  operation  requires  no  special  operator  training. 

Any  operator  qualified  to  operate  a  trickling  filter  can  operate  an  RBC  facil¬ 
ity.  Occasional  checks  of  organic  loadings,  flow  rates,  pH,  and  alkalinity 
control  in  the  case  of  nitrification  are  the  only  major  operational  require¬ 
ments  for  RBC  units. 


Energy  Requirement 


Data  on  RBC  energy  requirements  are  inconclusive.  The  low  and  high  esti¬ 
mates  supplied  by  RBC  manufacturers  vary  widely.  Installed  horsepower  varies 
from  5  hp  per  shaft  (Autotrol 's  25-ft  shaft.  Carter  Bio-Drum’s  dual-drum  20-ft 
shaft,  and  Walker's  26-ft  shaft)  to  7  1/2  hp  per  shaft  (Clow's  26-ft  shaft). 
For  typical  municipal  installations,  power  consumption  is  generally  cited  as 
3.0  hp/100,000  sq  ft  of  surface  media.  Carter  Bio-Drum  reports  2.5  hp/1000  cu 
ft  or  higher  power  consumption.  In  terms  of  horsepower  consumption  or 
kilowatt-hour  consumption  per  1  mgd/day  flow,  reported  values  vary  greatly, 
with  the  high  values  being  as  much  as  500  percent  greater  than  the  low  values 
(8  to  40  hp/mgd) . 

Several  explanations  can  be  offered  for  these  discrepancies.  First, 
higher  BOD  influent  produces  greater  biomass  accumulation  on  the  surface 
media,  which  increases  the  power  consumption  required  to  overcome  the  torque. 
Lower  BOD  loadings  (pounds  of  soluble  BOD/IOOO  sq  ft-day)  therefore  consume 
less  power.  Second,  all  manufacturers  offer  either  a  constant-speed  motor  or 
a  two-speed  motor  in  conjunction  with  a  gear  speed-reducer.  (A  gear  speed- 
reducer,  which  reduces  RBC  rotational  speed,  actually  increases  power  consump¬ 
tion.)  Finally,  many  new  plants  have  flows  below  their  design  levels,  and 
instead  of  partially  shutting  down  their  facilities,  they  operate  all  RBC 
units  to  obtain  superior  effluent.  This  leads  to  higher  power  consumption  per 
1  mgd/day  flow  than  anticipated.  The  average  RBC  value  of  24  hp/mgd  for 
secondary  treatment,  which  is  equivalent  to  1.58  x  10^  kWh/yr  consumption  for 
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ANNUAL  MAN  HOURS  FOR  OPERATION  AND  MAINTENANCE 


mV  day 

200  0  4000  20000  4  0  0  0  0 


Figure  12.  Comparison  of  manhour  requirements  for  operation  and 
maintenance  for  various  processes.  (From  Autotrol- 
released  information.) 
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1.0  mgd  flow,  is  lower  than  estimated  by  an  EPA  report. Table  9  lists  some 
of  the  EPA  estimated  power  consumptions  for  various  treatment  processes.  It 
appears  that  the  EPA  estimates  of  RBC  power  consumption  are  high.  Using  the 
latest  testing  data  and  operational  data  from  the  Plainville  Plant  in  Connec¬ 
ticut,  BOD  removal  and  nitrification  will  consume  about  2.4  x  10^  kWh/yr  per 
mgd/day  flow.  The  EPA  estimate  in  Table  9  for  both  secondary  treatment  and 
nitrification  would  range  from  3.2  to  4.3  x  10^  kWh/yr.  Information  regarding 
influent  BOD  concentrations,  NH3-N  concentrations,  and  effluent  limitations 
must  be  known  to  estimate  RBC  power  consumption  more  precisely.  Chapter  5 
provides  an  example  of  calculations  to  obtain  this  information. 

Autotrol  Corp.  claims  that  the  power  consumption  of  the  Aero-Surf  RBC 
system  is  comparable  to  that  of  mechanical-drive  RBC  systems.  However,  at 
lower  hydraulic  loadings  (0.5  to  1.0  gpd/sq  ft),  the  Aero-Surf  power 

Table  9 

Estimated  Power  Consumptions  for  Various 
Treatment  Processes,  kWh/yr 


Process 


Plant  Capacity 


1.  Secondary  Treatment 

0.1 

mgd 

1.0 

mgd 

10  mgd 

High  rate  TF, 

7.0 

x 

103 

6.5 

X 

104 

5.5 

X  105 

rock  plastic 

1/8 

X 

io4 

1.7 

X 

10^ 

1.4 

X  138 

RBC,  standard 

3.0 

X 

10^ 

3.1 

X 

105 

3.3 

X 

>— • 
0 

high  density 

2.0 

X 

10^ 

2.0 

X 

105 

2.0 

X  lO'- 

Activated  Sludge 

coarse  bubble 

3.0 

X 

10'' 

3.0 

X 

105 

3.0 

X  10& 

fine  bubble 

2.3 

X 

10'^ 

2.3 

X 

105 

2.2 

X  10^ 

mech.  aeration 

1.4 

X 

10^ 

1.5 

X 

10^ 

1.5 

X  108 

tur.  sparger 

2.0 

X 

10^ 

2.0 

X 

105 

2.0 

X  106 

2.  Nitrification 

Suspended  growth 

1.7 

X 

10'' 

1.7 

X 

105 

1.7 

X  106 

Fixed  film 

1.5 

X 

10^ 

1.2 

X 

io5 

1.1 

X  106 

I^Energy  Conservation  in  Municipal  Wastewater  Treatment,  EPA  430/9-77-011 
(Use PA,  MaTcTTlWr 
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consumption  would  be  as  little  as  one-half  that  of  mechanical -dri ve  processes, 
because  air  requirements  and  rotational  speeds  would  be  reduced  significantly 
when  loadings  are  low.  Therefore,  the  application  of  Aero-Surf  to  upgrading 
trickling-filter  facilities  is  promising.  Figures  13  and  14,  respectively, 
show  the  air  requirements  for  various  rotational  speeds  and  various  organic 
loadings.  Blower  sizes  and  power  consumptions  can  be  estimated  when  air 
requirements  are  known  (see  the  example  in  Chapter  5).  Despite  the  potential 
of  the  Aero-Surf  process  in  such  an  application,  no  existing  plant  has  used  it 
to  upgrade  a  trickling-filter  facility.  Consequently,  there  are  no  cost  and 
operational  data.  However,  some  operational  data  have  been  released  recently 
for  use  of  the  Aero-Surf  process  in  secondary  treatment. 


Process  Scheme  Selection  to  Upgrade  Trickling  Filters 


As  discussed  previously,  RBC  units  can  be  placed  at  various  locations  in 
a  trickling-filter  facility.  The  following  discussion  gives  the  advantages, 
disadvantages,  and  practicalities  of  the  various  schemes. 

in  Pvim<2T]<  Clarn-ficpc 

Where  land  for  expansion  is  extremely  limited,  this  scheme  is  a  promising 
candidate.  However,  even  though  it  has  been  demonstrated  that  RBCs  in  prim.i-y 
clarifiers  can  upgrade  treatment  performance  to  meet  secondary  treatment 
effluent  quality,  there  are  difficulties  and  disadvantages  associateo  with 
this  scheme. 

1.  The  technique  is  not  suitable  for  facilities  with  circular  clarif¬ 
iers  . 

2.  Pretreatment  of  the  raw  wastewaters  is  required  to  remove  grit, 
trash,  and  flotables  which  interfere  with  RBC  operations.  A  rough  screening 
is  necessary  to  remove  large  fibrous  material  which  passes  through  high-rate 
primary  treatment.  One  or  more  of  the  existing  primary  clarifiers  must  be 
used  as  a  high-rate  primary  treatment  unit  to  reduce  the  number  of  primary 
clarifiers  available  for  this  scheme.  New  RBC  tankage  must  be  used  for  some 
of  the  RBC  units. 

3.  Placing  the  RBC  units  on  top  of  the  primary  clarifier  and  an  inter¬ 
mediate  floor  below  them  reduces  the  clarifier's  suspended  solids  removal 
efficiency  by  25  percent. 


M.  Schirtzinger,  et  al..  First  USA  Air  Drive  RBC  Units  Operational  Ex- 
perience  and  Performance,  Indian  Creek  Wastewater  Treatment  Plant,  CincTnna- 
ti  (Cl  eves),  Ohio,  paper  presented  at  the  First  National  Symposium"'^' RE  C 
Technology,  Pittsburgh,  PA  (February  1980),  Vol  1  --  PB81-124539,  Vol  2  -- 
PB81 -124547. 
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4.  E1t>,er  RBC  units  must  be  custom-made  to  fit  existing  primary  clarii 
iers,  or  the  primary  clarifiers  must  be  modified  to  fit  standard-si  zed  RBC 
units. 

5.  There  is  some  design  uncertainty  regarding  what  surface  media 
requirement  is  necessary  for  the  existing  filters  to  remove  the  remaining  BOD 
and  also  obtain  nitrification  commensurate  with  stipulated  effluent  qualities. 

6.  Existing  primary  clarifiers  must  be  modified  significantly  (modifica¬ 
tions  to  the  sludge  scraping  mechanisms,  installation  of  the  intermediate 
floor,  etc.).  A  tight  compliance  schedule  is  not  feasible,  so  interruption  of 
plant  operation  is  unavoidable. 

7.  Based  on  the  Edgewater  plant  experience, ^0  the  cost  of  converting 
existing  clarifiers  is  comparable  to,  if  not  higher  than,  the  cost  of  provid¬ 
ing  new  tankage  for  all  RBC  units. 

8.  For  most  plants,  the  primary  clarifier  is  the  only  unit  that  equal¬ 
izes  flow  before  the  secondary  treatment.  Such  equalization  is  completely 
lost  in  this  scheme  and  would  affect  RBC  performance  more  than  a  scheme  plac¬ 
ing  RBCs  after  the  primary  clarifiers. 

In  light  of  these  disadvantages,  this  scheme  should  not  be  used  unless  abso¬ 
lutely  necessary. 

i’C'joyuii'iP'i  ivf f 

There  is  no  existing  plant  using  this  scheme.  The  disadvantages  listed 
in  (1),  (3),  (4),  (6),  and  (7)  of  the  previous  section  also  apply  to  this 
scheme.  Consequently,  it  is  not  a  preferable  choice  unless  land  space  is 
severely  limited, 

.Y"  'r  Aj'ti’i’  ■'r‘iriat\i  ' l-cri ;'A'y'r ,  iv.  PcV'alli'l  >y  cr:itio}i 
Pith  rilUTC. 

This  scheme  can  be  used  as  long  as  sufficient  land  space  and  enough 
hydraulic  head  (only  6  in.  or  less  head  loss  for  a  six-stage  RBC  system)  are 
available.  The  advantage  of  this  technique  is  +hat  a  stronger  BOD  influent 
will  ach'tve  a  higher  specific  removal  rate  and  e  superior  performance The 
newly  installed  RBCs  will  relieve  the  existing  trickling  filters.  However, 
the  problem  of  design  uncertainty  still  remains;  i.e.,  how  to  determine  the 

2^C1 in ton  Bogart  Assoc,  and  Hydroscience  Assoc.,  Inc.,  Preliminary  Report  to 
EPA  on  Upgrading  Primary  Tanks  with  RBCs  (November  1 978 ) .  ~ 

A.  Sullivan,  et  al7,  Upgraduig  Existing  Waste  Treatment  Facil i ti Ut j 1  - 
izing  the  Bio-Surf  Process,  paper  presented  at  the  Eirst  NationaTTympo s’i'um 
on  RbC  Technology,  Rittsburgh,  PA  (February  1980),  Vol  1  --  PB81 -1 24*^39,  Vol 
2  --  PB81-124547. 


60 


surface  media  requirement  so  tha+  both  the  new  RBC  units  and  the  relieved 
trickling  filters  produce  relatively  similar  effluent  quality  that  meets  BOL 
and  nitrification  requirements.  Filter  performance  depends  on  how  much  relief 
they  receive,  and  there  are  no  data  available  to  guide  the  design  or  to 
predict  the  filter  effluent  BOO  and  NH3-N  concentrations. 

.'■'■A:.’’'.;  >.  .  tH'i'f'uti  or\ 

This  scheme  is  considered  to  be  the  best  of  the  four  discussed  here. 

Since  data  on  trickl ing-filter  effluent  characteristics  are  available  at  each 
facility,  personnel  can  use  the  guidelines  presented  on  p  67  to  determine 
their  surface  media  requirements.  The  difficulties  associated  with  the  other 
schemes  do  not  occur  with  this  technique.  This  scheme,  which  produces  more 
predictable  effluent  quality,  is  recommended  as  long  as  enough  land  space  is 
available.  Another  option  with  this  technique  is  placing  RBC  in  front  of  the 
trickling  filter  in  series;  here,  RBC  would  be  designed  for  BOD  removal,  end 
the  trickling  filter  would  remove  any  remaining  BOD  and  perform  nitrification. 


Site  Preparation 

The  approach  and  unloading  areas  must  be  leveled  and  firm  to  withstand 
the  weight  of  a  fully  loaded  delivery  truck.  According  to  Autotrol  Corp.,  a 
25-ft  shaft  unit  has  a  shipping  weight  of  23,170  lb.  The  tractor  and  trailer 
for  delivery  have  an  overall  length  of  55  ft,  requiring  a  46-ft  turning 
radius.  The  minimum  required  road  bed  width  is  12  ft,  6  in.,  and  the  minimum 
overhead  clearance  required  is  16  ft.  Similar  instructions  are  provided  by 
other  manufacturers.  Storage  area  should  be  provided  before  the  RBC  units  are 
instal led. 


Compliance  Schedule 

Some  facilities  demand  a  tight  compliance  schedule.  George  A.  Hormel  and 
Company  gives  the  following  installation  schedule  when  the  tankage  is  in  place 
and  ready  for  RBC  unit  installation. 

1st  shaft  -  1/2  man-day 

2nd  shaft  -  1/3  man-day 

All  others  -  1/4  man-day 

where  one  man-day  =  crane  operator,  supervisor,  and 

two  workmen. 


Contractors  with  less  experience  may  require  a  longer  installation  time.  No 
data  are  available  on  the  installation  time  requirements  of  air-drive  RBC 
units. 


61 


Equipment  Durability 

In  the  10-year  history  of  RBC  application  to  wastewater  treatment,  there 
have  been  reports  of  structural  failures  at  a  few  facilities,  and  the  industry 
is  trying  to  recti f>  such  problems.  The  durability  of  the  equipment,  particu¬ 
larly,  the  polyethylene  surface  media,  is  still  uncertain  because  of  the  short 
service  record  (most  plants  with  RBC  systems  were  built  during  the  past  3 
years) . 

All  manufacturers  offer  a  warranty  against  defects  in  materials  and  work¬ 
manship  after  delivery  or  after  plant  startup.  The  warranty  period  and  condi¬ 
tions  vary,  depending  on  system  components  and  the  manufacturer,  and  are  often 
negotiable.  For  example,  the  Plainville  plant*  in  Connecticut  was  given  a 
warranty  period  of  30  years  for  the  shafts,  10  years  for  the  surface  media, 
and  5  years  for  mechanical  equipment. 


Performance  Guarantee 


Many  RBC  manufacturers  offer  performance  guarantees  that  generally  pro¬ 
vide  a  specified  effluent  with  the  equipment  installed  and  operating  at  design 
conditions.  The  guarantee  usually  obligates  the  manufacturer  to  provide  new 
equipment  or  a  partial  refund  if  the  design  effluent  standards  are  not  met. 
This  guarantee  is  predicated  on  the  fact  that  influent  characteristics  are 
within  the  specified  limit.  Generally,  the  manufacturers  are  willing  to  nego¬ 
tiate  a  guarantee  as  long  as  they  agree  with  the  treatment  system  design. 
Appendix  A  gives  the  conditions  of  a  typical  RBC  process  performance  guaran¬ 
tee  . 


Media/Shaft  Failure 


Use  of  RBC  units  for  purposes  other  than  those  intended  and  designed  for 
is  not  recommended.  The  following  is  a  description  of  an  RBC  used  for  an 
application  for  which  it  was  not  designed. 

An  existing  sewage  treatment  plant  facility  chose  to  upgrade  its  two 
existing  trickling  filters  with  RBC  technology.  The  RBCs  were  designed  to 
treat  the  affluent  from  the  two  trickling  filters.  After  the  RBCs  had  been 
installed  and  operational  for  a  significant  period,  a  decision  was  made  to 
"take  the  trickling  filters  off-line"  for  a  short  time  (time  enough  to  replace 
the  old  rock  media  with  new  rock  media).  Before  the  trickling  filters  were 
placed  on-line  again,  a  controversy  arose  regarding  whether  the  tricklina 
filter  rock  media  met  specifications.  Consequently,  the  trickling  filters 
were  not  placed  on  line  in  a  timely  fashion  and  the  RBCs  were  required  to 
treat  a  wastewater  with  strength  and  other  characteristics  the  RPC  train 

*  Equipment  manufactured  by  Clow  Corporation. 
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simply  was  not  designed  to  handle.  This  caused  the  RBCs  to  be  overloaded 
organically,  which  resulted  in  growth  of  a  shaggy,  heavy  biomass. 

Because  the  RBC  plant  was  not  being  operated  according  to  its  designed 
purpose,  the  manufacturer  has  indicated  that  certain  portions  of  the  warranty 
may  not  be  valid. 

The  RBC  plant  seems  to  be  operating  without  noticeable  structural  prob¬ 
lems.  The  facility  operators  have  begun  a  scheme  of  periodically  reversing 
the  flow  of  the  RBCs  into  the  direction  of  the  wastewater  flow.  This  tech¬ 
nique  causes  large  quantities  of  the  heavy,  shaggy  bacterial  growth  to  slough 
off,  reducing  the  strain  and  helping  prevent  the  design  load  of  the  media/ 
shaft  from  being  exceeded. 

In  an  incident  at  another  sewage  treatment  plant,  trickling  filters  were 
permanently  taken  out  of  service  in  favor  of  construction  of  a  new 
secondary/ni tri fication  RBC  plant  with  36  RBC  units.  After  a  few  years  opera¬ 
tion,  media  began  breaking  away  from  the  drive  shafts  in  certair,  units  and 
shaft  failures  occurred  or  were  suspected  in  other  units.  This  problem  is 
expected  to  be  very  expensive  to  fix.  The  media  and/or  shafts  on  some  of  the 
units  will  have  to  be  replaced.  Supplemental  aeration  may  be  added  to  some  of 
the  RBC  units. 
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5  STEPWISE  APPROACH  IN  PROBLEM  SOLVING 


This  chapter  explains  the  steps  to  be  taken  when  upgrading  trickling- 
filter  facilities  with  RBC.  Example  calculations  show  how  to  estimate  surface 
media  requirements,  system  configuration,  land  requirements,  costs,  energy 
requirements,  etc.  Since  each  facility  is  unique,  the  calculations  are 
intended  only  to  demonstrate  the  suggested  design  approach.  The  information 
derived  from  these  calculations  can  best  be  used  to  compare  RBC  technology 
with  other  alternatives. 


Characterization  of  Existing  DA  Trickling-Filter 
Plant  Wastewater  Characteristics 


The  first  step  is  wastewater  characterization  --  specifically  the  quan¬ 
tity  and  quality  of  the  trickl ing-fil ter  influent  and  effluent  and  the  secon¬ 
dary  clarifier  effluent.  Past  operational  data  will  provide  much  of  this 
information.  The  following  data  should  be  collected: 

1.  Hydraulic  flow  rates,  including  daily,  weekly,  and  monthly  varia¬ 
tions  (peak  flow  and  duration,  low  flow  and  duration,  and  average  flow,  if 
possible) 

2.  Ambient  air  and  wastewater  temperature 

3.  Dissolved  oxygen 

4.  pH 

5.  Alkalinity  as  CaC03  (phenolphthalein  and  total) 

6.  Total  BOD5 

7.  Soluble  BOD5 

8.  Total  suspended  solids 

9.  Volatile  suspended  solids 

10.  Presence  of  toxic  chemicals. 

Soluble  BOD5  means  the  BOD5  of  a  sample  after  it  has  passed  through  a 
0.45-micron  filter.  Samples  taken  from  trickl ing-fil ter  effluents  and  secon¬ 
dary  clarifier  effluents  should  also  be  tested  for  nitrifying  inhibitory  chem¬ 
icals  such  as  al lythiourea,  if  the  regulatory  agency  accepts  this  practice,  so 


that  the  ineasureri  HODi,  truly  represents  carbonaceous  HOD.  Partially  rntritied 
effluents  exert  nitrogenous  oxygen  demands  which  would  cause  soluble  BOOc, 
values  to  he  too  high. 

If  there  is  any  reason  to  suspect  that  the  facility  might  receive  some 
toxic  chemical  that  would  interfere  with  the  treatment  process,  the  wastewater 
should  be  analyzed  for  toxic  substances.  Table  10  lists  some  toxic  chemicals 
and  the  concentrations  at  which  they  inhibit  aerobic  processes  (including  REC) 
required  for  BOD  removal  and  nitrification.  Every  effort  should  be  made  to 
eliminate  these  chemicals  or  to  reduce  their  concentration  to  below  inhibitory 
levels,  either  by  eliminating  the  source  or  by  chemical  treatment.  Adding  RBC 
will  be  futile  if  poor  effluent  quality  is  being  caused  by  toxic  substances. 

A  knowledge  of  the  other  data  contained  in  Table  10  is  also  important  to  suc¬ 
cessful  RBC  design. 

Wastewater  characteri zat ion  should  reflect  the  periodic  inputs  of  side 
stream  loadings.  Side  streams  with  a  high  BOD  and  suspended  solids  content 
originating  from  sludge  hoi di ng/treatment  units  may  create  a  transient  over¬ 
loading  situation,  thus  causing  a  temporary  oeterioration  of  effluent  quality. 


Establish  Effluent  Quality  Standards  With 
the  Regulating  Agencies 

Section  4  of  TM  5-814-8^"  provides  guidance  for  Army  coordination  with 
regulatory  agencies  to  establish  wastewater  treatment  reoui rements .  There  are 
three  NPDES  permit  formats  (see  Chapter  4),  and  it  is  important  to  clearly 
define  the  level  of  effluent  quality  required  by  a  specific  permit. 

Every  effort  should  be  made  to  negotiate  for  relaxation  of  the  effluent 
quality  during  winter  operations  in  cold  climate  regions.  This  is  particu¬ 
larly  important  for  NHg-N  concentrations,  where  a  higher  level  can  substan¬ 
tially  reduce  surface  media  requirements.  For  example,  the  State  of  Connecti¬ 
cut  issued  an  NPDES  permit  for  the  Plainville  Treatment  Plant  under  which  the 
removal  efficiency  of  NH3-N  can  be  based  on  the  following  influent  tempera¬ 
tures: 


Infl uent 

OC 

Temp . 

OF 

NH3-N  Removal 

NH3-N  Cone  . 
mq/L 

>15 

59 

95 

1.1 

10-15 

50-59 

90 

?.2 

5-10 

41-50 

75 

6.5 

'’^valuation  Criteria 
Aba  tern en  t  T  ro^fWs' 


Guide  for  Water  Pollution  Prevention,  Control 
TNl  S-ftl4 -'W  (Department  of  the~Srmy,  .rJTy 


and 
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Tal)le  10 


Information  on  Materials  Which  Inhibit 
Biological  Treatment  Processes 


(Information  taken  from  Table 
Vol.  3,  p  10-9,  and  Table 
Manual , 


10-3  from  TM  5-814-3,  AFM  88-11, 
1  from  Preliminary  RBC  Design 
Clow  Corp. ) 


Inhibiting  or  TqkIc  Concentration^^  wg/L 


Pol  1 utant 

Aerobic 

Processes 

Anaerobic 

Digestion 

Nitrification 

Copper 

1.0 

1.0 

0.05-0.5 

Zi  nc 

5.0 

5.0 

o 

o 

Chromium  (Hexavalent) 

2.0 

5.0 

2.0 

Chromium  (Trivalent) 

2.0 

2,0000 

* 

Total  Chromium 

5.0 

5.0 

• 

Nickel 

1.0 

2.0 

0.25-0.5 

Lead 

0.1 

ft 

0.5 

Boron 

1.0 

ft 

* 

Cadmium 

* 

0.20 

ft 

Si  1 ver 

0.03 

* 

ft 

Vanad 1  urn 

10 

. 

ft 

Sulfides  (S*) 

ft 

lOOO 

500 

Su 1  fates  ( SO^' ) 

ft 

500 

ft 

Ammonia 

ft 

1,5000 

ft 

Sodium  iNa*) 

* 

3,500 

ft 

Potassium  (k*) 

2,500 

ft 

Calcium  ( ) 

ft 

2,500 

ft 

Magnesium  (Mg’*) 

ft 

1,000 

50 

Ac  ryl oni tri te 

ft 

5.00 

ft 

Benzene 

ft 

50 

ft 

Carbon  Tpt rachl ori de 

* 

lOO 

* 

Phenol 

Chloroform 

18.0 

O.lO 

5 

ft 

Methylene  Chloride 

• 

1.0 

ft 

Pentac  hi orophenol 

ft 

0.4 

ft 

?.4  Di ri trophenol 

1,1.1  Trie hloroethane 

i.oo 

150 

ft 

Tri ch 1 orof 1 uorome thane 

• 

0.7 

ft 

Tr If  hi crotn  f luoroe thane 

ft 

5.0 

ft 

Cyanide  (HCN) 

• 

l.O 

0, 3-2.0 

Total  lH1  (Petroleum  oriqin}‘ 

50 

50 

50 

r»'SO  1 

5 

*  Insufficipnt  lata  dvai1aDl<*  to  determine  effect. 

^  Paw  wastewater  roncentration  unless  otherwise  indicated. 

^  inqester  influent  concentration  only;  lower  values  may  be  required  for 
orotection  of  other  treatment  processes. 

^  Petrol eum-based  oil  concentration  measured  by  API  Method  733-SB  for  deter¬ 
mining  volatile  and  nonvolatile  oily  materials.  (The  inhibitory  level  does 
not  apply  to  animal  or  vegetable  oil.) 
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When  the  influent  temperri turr  firops  front  SS^F  (avcraqo]  to  (average)  no 

extra  surface  media  is  required  if  the  perccntaqe  of  NH3-N  removal  can  be 
decreased  from  9U  to  76  percent  (effluent  NH3-N  concentration  increases  from 
2.2  to  6.5  mg/Ll.  If  2.2  mg/l.  of  NHj-N  were  to  be  maintained  at  a  460F  aver¬ 
age  influent  temperature,  the  surface  media  requirement  would  have  to  be 
increased  by  a  factor  of  1 . 75  Lower  nitrification  rates  and  more  dilution 
water  in  receiving  rivers  during  the  winter  are  the  legitimate  reasons  for 
requesting  relaxation  of  effluent  quality  standards.  For  the  same  reasons, 
negotiation  for  higher  suspended  solids  and  BOD  concentrations  in  winter 
effluents  is  also  possible. 


Determination  0 f  RBC  Surface  Media 
Requi rement  and  System  Configuration 

The  scheme  of  placing  RBC  units  after  a  trickling  filter  in  series  opera¬ 
tion  is  considered  to  be  best,  because  it  requires  the  least  physical  modifi¬ 
cation  to  the  facility  and  provides  the  most  efficient  and  economical  upgrad¬ 
ing  of  effluent.  The  following  type  of  data  can  be  obtained  from  existing 
plant  records  and  by  recent  samplings  and  analyses: 

Inflow  -  1.0  mod  design  average,  2.0  mgd  peak  rate 

Trickling  Filter  Effluent  =  40  mg/L  soluble  BOO5 
18  mg/L  NH3-N 
48-60OF  temperature 
pH  7.0 

200  mg/L  total  alkalinity  as  CaCOg 
5.0  mg/L  dissolved  oxygen 

Effluent  Requirements: 

Winter  -  Suspended  Solids  and  BOD5  =  15  mg/L  (7.5  mo/L  soluble  BOD) 

NH3-N  =  4  mg/L 

Summer  -  Suspended  Solids  and  BOD5  =  10  mg/L  (5  mg/L  soluble  POD) 

NH3-N  =  2  mg/L 

Either  design  curves  or  design  loading  factors  can  be  used  to  determine  the 
media  requirement  and  surface  configuration,  following  the  aeneral  procedure 
of  design  suggested  by  the  manufacturers. 


'’TAutotrol  Wastewater  Treatment  Systems  Design  Manual  (Autotrol  Corp.,  lO^Q), 
P r e T i mT n¥ r y~ne ^ grTWn u aT  (  Clow  Tbrporat ion ,  1980). 


1.  Winter  Condition. 

To  reduce  soluble  BOD5  from  40  mg/L  to  15  mg/L  (to  allow  nitrification  in 
latter  stages,  see  Chapter  4),  the  hydraulic  loading  (HL-BOD)  =  6  gpd/sq  ft 
( from  Figure  B1 ) . 

The  temperature  correction  factor  for  winter  conditions  averages  480F  = 
0.825  (from  Figure  B3). 

Temperature  corrected  HL-BOD  =  6  x  0.825 

=  4.95  gpd/sq  ft 

For  nitrification,  the  influent  NH3-N  concentration  is  less  than  30  mg/L. 
Therefore,  the  maximum  removal  rate  of  0.3  lb/1000  sq  ft-day  is  not  achieved. 
To  remove  the  NH3-N  concentration  from  18  mg/L  to  4  mg/L,  the  hydraulic  load¬ 
ing  (HL-NH3)  =  2,55  gpd/sq  ft  (from  Figure  B4).  The  temperature  correction 
factor  (to  480F)  =  0.7  (from  Figure  B5). 

Temperature  corrected  HL-NH3  =  2.55  x  0.7  =  1.79  gpd/sq  ft 

Overall  hydraulic  loading  (OAHL)  is: 

1  -  1  .  1  -  1  .  1  -  n 

TMU  ■  RL-BOD  "  TTW  TTT?  ' 

OAHL  =  1.32  gpd/sq  ft 

Hydraulic  loading  to  reduce  soluble  BOD5  from  40  mg/L  to  7.5  mg/L  and 
with  temperature  correction  =  3.8  gpd/sq  ft  x  0.825;  (Figures  Bl,  B3)  =  3.14 
gpd/sq  ft).  Therefore,  NH3-N  removal  controls  the  design. 

2,  Summer  Condition. 

To  reduce  soluble  BOD5  from  40  mg/L  to  15  mq/L  (to  allow  nitrification  in 
latter  stages),  the  hydraulic  loading  HL-BOD  remains  at  6  gpd/sq  ft  (from  Fig¬ 
ure  Bl). 

There  is  no  temperature  correction  for  HL-BOD  during  the  summer. 

For  nitrification,  to  reduce  NH3-N  concentration  from  18  mg/L  to  2  mg/L, 
the  hydraulic  loading  HL-NH3  =  2.2  gpd/sq  ft  (from  Figure  B4). 

The  temperature  correction  factor  (to  6OOF)  =  1.21  (from  Figure  B5). 

Temperature  corrected  HL-NH3  =  1.7  x  1.21  =  2.66  gpd/sq  ft. 

Overa’l  hydaulic  load-cng  (OAHL)  is: 
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1  _  _ 1  ,  1  _  1  ,  1  _  Cd 

MHT  ■  Tracu  "  Fm  t:ee  ~ 

OAHL  =  1 .84  gpd/sq  ft 

Hydraulic  loading  to  reduce  soluble  BOD5  from  40  mg/L  to  5  mg/L  with  no 
temperature  correction  =  3  gpd/sq  ft  (Figure  B1 ) . 

Again,  NH3-N  removal  controls  the  design. 

3.  Surface  media  requirement  =  f ’ ^^^g pd ? sq^f t  758,000  sq  ft.  Because 

the  peak-to-average  flow  ratio  is  2.0  (less  than  2.5),  no  increase  of  surface 
media  is  necessary  (see  Chapter  4).  Normally,  an  RBC  system  design  calls  for 
a  larger  first  stage  to  minimize  organic  overloading  and  oxygen  limitation 
conditions.  Even  though  it  is  highly  unlikely  that  these  adverse  conditions 
would  occur  in  RBC  units  following  trickling  filters,  it  is  still  a  good  prac¬ 
tice  to  base  the  size  of  the  first  stage  on  the  overall  soluble  BOD5  loading 
as  in  the  following: 

The  overall  soluble  BOD5  loading  = 


40  mg/L  x  8.34 


X  1  mgd 


=  0.44  lb/1000  sq  ft-day 


This  is  a  very  low  organic  loading,  and  from  Figure  B2: 

Size  of  first  stage  =  12  percent  and  is  sufficient 
Permitted  amount  of  high-density  media  =  80  percent 

When  first-stage  media  =  0.12  x  758,000  =  90,960  sq  ft, 

use  one  standard  media  assembly  (25-ft  shaft),  100,000  sq  ft 

When  permitted  amount  of  high-density  media  =  0.8  x  758,000  =  606,400  sq  ft, 
use  four  assemblies  (25-ft  shaft),  150,000  sq  ft  each 
or  600,000  sq  ft  total. 

Remaining  standard  media  assembly  (25-ft  shaft)  =  100,000  sq  ft 

Total  surface  media  =  100,000  sq  ft  +  600,000  sq  ft  +  100,000  sq  ft 

=  800,000  sq  ft  >  758,000  sq  ft. 

Therefore,  the  surface  media  requirement  is  adequate. 


4.  Choice  of  configuration  is  2  (S+H+H),  or  two  parallel  flows;  each 
uses  one  standard  media  (S)  assembly  as  the  first  stage,  followed  by  two 
hiqh-densi ty  media  (H)  assemblies. 
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Trickling 
fil ter 
effluents 


To  final 
clari fiers 


Use  of  Design  Loading  Factors 

1.  Determination  of  soluble  BOD5  and  NH3-N  loadings: 

Soluble  BOD5  loading  =  1  mgd  x  40  mg/L  x  8.34  n,g/L-m-in\ on  gallon 

=  333.6  Ib/day 

NH3-N  loading  =  1  mgd  x  18  mg/L  x  8.34  nTg/L-minron-ganon 
=  150.12  Ib/day 

2.  Determination  of  loading  factors  (from  Clow  Corp.  Preliminary  Design 
Manual )  : 

Soluble  BOD5  loading  factor  -  2.0  lb/1000  sq  ft-day  (effluent 

SBOD5  =  15  mg/L) 

-  1.25  lb/1000  sq  ft-day  (SBOD5  =  7.5  mg/L) 

-  1.0  Ib/lOOO  sq  ft-day  (SBOD5  =5.0  mg/L) 
Temperature  correction  factor  for  SBOD5  for  480F  =  1.22 

Standard  soluble  BOD5  loading  rate  for  standard  media  =  2.5  lb/1000  sq  ft-day 

NH3-N  loading  factor  -  0.35  to  0.45  Ib/lOOO  sq  ft-day 

(effluent  NH3-N  =  4  mg/L) 

-  0.30  to  0.32  lb/1000  sq  ft-day 
(effluent  NH3-N  =  2  mg/L) 

Temperature  correction  factor  for  NH.^-N  for  4B*^F  =  1.47 

3.  Calculation  of  winter  and  summer  surface  media  requirements: 
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Winter 


To  reduce  soluble  BOD5  from  40  mg/L 
to  15  mg/L  (to  allow  nitrification  in 
latter  stages),  the  surface  media 
requi remen t 


333.6  Ib/day 
2  lb /I 000  sq  ft- day 


■^0  correct  for  temperature, 
the  calculation  is 


Nitrification  tn  reduce  NH3-N  to  4 


333.6  Ib/day  ^ 

7  Tb/lUOysd'ff-day  ^ 

=  203,500  sq  ft 

mo/L=  _ 150.12  Ib/day  x  1  .47 _ 

Ib/lOQO^sq  ft-day 


(with  temperature  correction  [1.47  in  the  equation])  =  551,700  sq  ft 


Overall  requirement  =  755,200  so  ft 

To  reduce  soluble  BOD5  from  40  mg/L  to  7.5  mg/L,  the  surface  media  requirement 

-  333.6  Ib/day  , 

1.25  lb/1000  sq  ft-day  ^ 

(with  temperature  correction  [1,22  in  the  equation])  =  325,600  sq  ft 
Therefore,  NH3-N  removal  controls  the  design. 


Summer 


To  reduce  soluble  BOD5  from 
40  mg/L  to  15  mg/L  (to  allow 
nitrification  in  latter  stages), 
the  surface  media  requirement 

(No  temperature  correction  because 

Nitrification  to  reduce  NH3-N 

to  2  mg/L.  (Clow's  approach  does 
not  allow  temperature  adjustment 
above  550F . ) 

Overall  requirement 


333.6  Ib/day 
2  Ib/lOOO  so  ft-day 

temperature  is  greater  than  550F.) 

=  150.12  Ib/day _ 

_(0.3  -^^.O-.^.^ip/ioOO  sq  ft-day 

=  484,300  sq  ft 

=  651,100  so  ft 
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To  reduce  soluble  BOD5  from  40  mg/L 
to  5.0  mg/L,  the  surface. media 
requirement  (no  temperature 
correction) 

Again,  NH3-N  removal  controls  the  design. 

4.  Comparing  the  summer  and  winter  conditions,  it  can  be  seen  that  the 
winter  condition  and  NH3-N  removal  control  the  overall  design.  The  overall 
surface  media  requirement  =  755,200  sq  ft.  The  answer  is  practically  identi¬ 
cal  to  that  obtained  previously  by  using  design  curves  (758,000  sq  ft). 

5.  Choice  of  configuration.  The  same  configuration  used  previously  can 
be  applied,  since  the  total  surface  media  requirements  are  identical,  and  both 
Autotrol  Corp.  and  Clow  Corp.  offer  the  same  size  assemblies  (100,000  sq  ft 
media  for  a  25-ft  shaft  standard  media,  and  150,000  sq  ft  for  high-density 
media) . 

/I  ii'-Dr'iven  RDC 

1.  Surface  media  requirement  and  configuration  are  identical  to  those 
given  for  mechanically  driven  RBC  design  (see  Chapter  4  and  Autotrol  Design 
Manual ,  1979).  Normally,  more  high-density  media  are  allowed  in  air-driven 
RBC  units.  This  choice  is  also  preferable  for  RBC  units  used  to  upgrade 
trickling-filter  effluents. 

2.  Blower  selection: 


RPM 

No.  Units 

ACFM* 

1.4 

2 

2 

X 

190  = 

380 

0.8 

2 

2 

X 

75  = 

150 

0.8 

2 

2 

X 

75  = 

150 

680 

*See  Figure  13  for  air  requirements. 

Power  consumption  =  680  ACFPI 

44  ACFM/hp  =  15.45  hp  (11.51  kW) 

Operating  blower  capacity  =  680  x  1.33  =  904  ACFM 

Installed  blower  capacity  =  250  x  6  =  1500  ACFM 

It  is  recommended  that  a  small  installation  of  less  than  2000  ACFM 
operating  capacity  use  two  blowers,  each  supplying  133  percent  operating  capa¬ 
city.  Each  should  be  sized  for  904  ACFM  at  the  required  pressure. 
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In  thi*,  (l('Si(|n  txdmplc,  pH,  (11  •^.sol  vril  (ixycp-n,  .ind  <) )  1  ,i  I  i  n  1 1  y  dn  not  |)0<',( 
any  problrms.  If  dis'-olvcd  o/yfjf  n  nt  the  l<H(  inllucnt  is  (  Insc  to  U  nri/1  ,  t  lu 
overall  surface  media  requirement  must  bi  increased  by  M'  pi  » i  enl ,  aiiordiny 
to  tbe  Clow  Corp.  Preliminary  Design  Manual. 

Cost  Estimation 

Once  the  size  of  the  RBC  system  has  been  determined,  it  is  possible  to 
estimate  its  installed  cost.  Figure  Bb,  taken  from  Autotrol's  Design  Manual . 
provides  a  guide  for  estimating  installed  cost.  The  installed  costs  inclucTe 
the  following: 

1.  RBC  unit  assemblies 

?.  Fiberglass  enclosures 

3.  Concrete  tankage-  at  S'^bU  per  cu  yd 

4.  Freight  cost  of  RBC  unit  assemblies  and  enclosures  (average  freight 
cost  within  the  contiguous  United  States) 

5.  Installation  costs  of  S1500  per  shaft  (cranes,  millwrights,  electri¬ 
cians)  . 

The  total  installed  costs  are  expressed  per  unit  of  wastewater  flow 
treated  and  are  shown  in  Figure  B6  as  a  function  of  hydraulic  loading.  Thi 
example  calculation  in  the  previous  section  indicates  that  the  hydraulic  load 
(HL)  is: 

'  ROT) ,D0O' ■sq''Tt  '  ’ ^P^l/sq  ft 

From  Figure  Bb,  the  installed  costs  will  be  $0.3/gpd  capacity  or  S300,(K)0  for 
1.0  mgd.  Information  from  Autotrol  Corp.  (August  1R7R)  indicates  a  cost  of 
S0.41/sq  ft  and  $0.31  sq  ft  for  high-density  media  assembly  and  standard  media 
assembly,  respectively,  or  $308,000  for  the  1  mgd  flow.  Ihi-  expenses  for  any 
added  pretrt'atment  modification  to  existing  clarifiers  or  modification  to 
existing  sludge  treatment  units  are  not  included.  The  cost  estimation  is  use¬ 
ful  for  alternatives  comparison  only.  The  Edqewater  Treatment  Plant  study 
showed  that  modifying  existing  clarifiers  for  RBC  installations  can  ho  very 
costly. 

Since  both  the  mechanical -drive  and  the  air-drive  systems  use  the  same 
amount  of  standard  high-density  media  in  an  upgrading  application,  the 
estimated  cost  applies  to  both  systems;  Autet-ol  Corp.  suggests  that  the  i  ost 

^Clinton  Bogart  Assoc,  '’nd  Hydroscience  Assoc.,  Inc.,  Prel  imi  nary  Report  to 
EPA  on  Upgrading  Primary  Tanks  with  RBCs  (November  1 d7R ) . 


of  the  blower  and  air  distribution  piping  system,  air  headers,  and  air  cups 
will  offset  the  cost  of  the  mechanical -drive  package,  motor  starter/control 
system,  and  electrical  wiring. 
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The  estimated  cost  of  $308,000  for  1  mgd  flow  can  be  scaled  for  larger 
installations,  since  RBC  systems  do  not  exhibit  economies  of  scale  due  to 
their  modular  design.  Therefore,  a  cost  of  $1,540,000  is  projected  for  a 
5  mgd  flow  retrofit  system  and  $3,080,000  for  a  10  mgd  flow  retrofit  system. 
For  comparison,  one  can  also  estimate  the  cost  required  to  replace  all  exist¬ 
ing  trickling  filters  with  RBC  assemblies,  new  trickling  filters,  or  activated 
sludge  aeration  tanks.  Each  alternative  unit  process  must  remove  the  BOO  from 
the  existing  primary  clarifier  effluents  and  also  provide  nitrification. 
Therefore,  the  new  facility  is  designed  as  a  secondary  treatment  unit  plus 
nitrification,  but  retains  the  services  of  both  the  primary  and  secondary  cla¬ 
rifiers. 


More  RBC  surface  media  are  required  for  BOD  removal.  Assuming  a  soluble 
BOD  concentration  of  70  mg/L  in  the  primary  effluents,  the  additional  surface 
media  must  reduce  the  soluble  BOD  from  70  mg/L  to  40  mg/L  in  the  example  cal¬ 
culation.  Following  the  previous  procedure,  the  additional  surface  media 
required  is  slightly  more  than  200,000  sq  ft,  or  2  shafts  or  25-ft  standard 
media.  The  revised  hydraulic  load  is: 


_ _ 1,000,000  gpd _ 

(800,0o0  sq  ft  +  200,000  sq  ft) 


1 .0  gpd/sq  ft 


The  installed  costs  taken  from  Figure  B6  are  therefore  $0.37/gpd  capacity  or 
$370,000  for  the  1  mgd  flow.  The  cost  will  probably  be  $400,000  when  modifi¬ 
cation  of  pipings,  open  channels,  and  valves,  etc.,  is  included;  however,  this 
figure  does  not  include  demolition  cost  (taking  the  existing  trickling  filters 
off  line  without  destroying  them).  For  5  mgd  and  10  mgd  plants,  the  respec¬ 
tive  costs  are  $2,000,000  and  $4,000,000. 


Several  sources  provide  total  construction  costs  for  treatment  plants; 
however,  data  on  construction  costs  for  various  unit  processes  are  scarce.  A 
one-step  process  is  assumed  for  an  activated  sludge  process  to  accomplish  ROD 
removal  and  nitrification  (activated  sludge  and  nitrification  aeration  fol¬ 
lowed  by  final  clarification).  The  existing  secondary  clarifiers  can  be  used 
immediately  following  the  aeration  tanks.  Data  from  an  ERA  report^^estimate 
construe  ‘on  costs  to  be  $450,000/1  mgd,  $1,800,000/5  mgd,  and  $3,400,000/10 
mgd.  Assume  that  the  aeration  tank  size  must  be  doubled  to  achieve  one-step 
BOD  removal  and  nitrification  and  retain  the  use  of  existing  final  clarifiers. 
(The  following  section  provides  a  cost  estimate  for  multiple-media  filtration 
after  nitrification.) 


^Construction  Costs  for  Municipal  Wastewater  Treatment  Plants  1973-19/7,  FRA 
430  /^^T-n-lT.TiCU-l?-  (ir?FP)r,“Ta^nua  ry  1  ^ 


For  trickling  filters,  assume  that  two-stage  filters  will  obtain  the 
desired  BOD  removal  and  nitrification,  with  no  intermediate  clarification  pro¬ 
vided.  The  construction  costs  are  estimated  to  be  $560,000/1  mgd, 

$1,140,000/5  mgd,  and  $1,600,000/10  mgd.  Table  11  summarizes  the  costs  for 
comparison. 


Clar  ‘^ication  Requirement 

Since  a  need  for  nitrification  is  assumed  in  upgrading  trickl ing-fil ter 
plants,  the  capability  of  the  existing  final  clarifiers  must  be  examined  more 
closely.  Table  8  indicates  that  efficient  removal  of  suspended  solids  in 
nitrified  effluents  requires  more  than  plain  settlement.  The  overflow  rate  of 
the  clarifier  must  be  500  gpd/sq  ft  or  even  less  for  chemically  flocculated 
effluents.  Most,  if  not  all,  clarifiers  of  existing  plants  were  designed  for 
overflow  rates  of  800  gpd/sq  ft  without  the  benefit  of  chemical  flocculation. 
Consequently,  these  clarifiers  are  not  adequate  for  nitrified  effluents  if  the 
effluent  suspended  solids  concentration  is  expected  to  be  between  10  to  15 
mg/L. 


Instead  of  expanding  the  existing  clarifier  capacity,  it  is  advisable  to 
build  multiple-media  filters  to  provide  more  reliable  removal  of  suspended 

Table  11 

Cost  Comparisons  of  Various  Upgrading  Retrofit  Systems 
(cost  excludes  multiple-media  filtration) 

( 1978  dollar  value) 


Upgrading  System 

1  mgd 

5  mgd 

10 

mgd 

RBC  following  existing  trickling  filter 

$3.1  X  10& 

1.5  X  10^ 

3.1 

X 

o 

Replace  existing  trickling  filters 
with  RBC 

$4  X  10'^ 

2.0  X  10*^' 

4.  ;i 

X  111*' 

Replace  existing  trickling  filters  with 

$4.5  X  105 

1.3  X  10^ 

3.4 

X  lU^' 

one-step  activated  sludge-nitrification 


Replace  existing  trickling  filters  with 
new  two-stage  trickling  filters 


$5.6  X  1.14  x  lOb 


1.6  X  10^ 
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solids.  A  filtering  rate  of  3.0  gpm/sq  ft  is  adequate.  For  example,  the  1.0 
mgd  flow  requires  a  filter  area  of  1  x  10^/3  x  24  x  60  =  231.5  sq  ft,  or  two 
filters  of  11  x  11  ft  each.  The  construction  cost  of  the  filters,  including 
controls,  is  estimated  to  be  $180,000  (1977  dollar  value). ^  For  5  and  10  mgd 
flows,  the  respective  costs  are  $700,000  and  $1,250,000. 


Land  and  Energy  Requirements  Estimation 

For  the  number  and  configuration  of  RBC  units  used  to  upgrade  trickling- 
filter  effluents  as  given  in  the  calculations  section,  an  area  of  47  x  64  ft, 
or  3000  sq  ft  is  required,  including  walkways.  Another  200  sq  ft  would  be 
required  for  the  blower  house  if  air-driven  units  were  used.  Multiple-media 
filters  with  controls  and  chemical  clarification  equipment  add  another  800  sq 
ft  to  the  area  requirement. 

I  RBC  units  receive  lower  BOD  concentration  wastewaters,  and  most  of  the 
surface  media  are  used  for  nitrification.  Therefore,  the  biofilm  over  the 
media  is  expected  to  be  thin.  Based  on  the  experience  of  the  Plainville 
Treatment  Plant  in  Connecticut,  a  motor-driven  unit  (460-volt)  draws  about  6.2 
amperes  with  thin  biofilm  (150,000  sq  ft  high-density  media,  or  100,000  sq  ft 
standard  media  with  more  growth).  Using  this  information,  the  power  consump¬ 
tion  for  the  1.0  mgd  flow  RBC  retrofit  units  would  be: 

6  units  X  kW  X  24  hr  X  365  =  1.5  x  10^  kWh/yr. 

The  highest  current  drawn  by  the  motor-drive  unit  is  9.5  amperes.  The  maximum 
power  consumption  is  therefore  2.3  x  10^  kWh/yr.  One  can  use  this  range  from 
1.5  to  2.3  X  10^  kWh/yr  to  estimate  the  power  consumption  for  a  1.0  mgd  RUC 
retrofit  system.  However,  this  estimate  does  not  include  the  energy  required 
to  operate  the  multiple-media  filters  and  chemical  clarification,  which 
require  an  additional  power  consumption  of  about  14,000  kWh/yr.^^  Autotrnl 
Corp.  claims  that  their  air-drive  RBC  units  use  less  power  under  low  loading 
conditions;  however,  confirmation  with  field  data  is  not  yet  available. 


Negotiation  of  Performance  Guarantee 

When  the  RBC  system  design  is  completed  and  the  effluent  quality  stan¬ 
dards  are  set,  the  customer  may  request  a  performance  guarantee.  The  terms  of 
such  guarantees  are  different,  depending  on  the  manufacturer  and  on  the 
specific  case.  The  RBC  manufacturer  will  review  the  design  with  the  potential 
customer  (surface  area  requirements  and  general  design).  If  they  are  in 

^^^nstruction  Costs  for  Municipal  Wastewater  Treatment  Plants  1973-1977,  FP/'< 
W5'-T7‘-T5Ti;  MCD-37  (USIP'A.'  'Ja'nljTry  WS)  1 
"^Energy  Conservation  in  Municipal  Wastewater  Treatment,  EPA  430/9-  7  /-Ol 1 

TTKrp-S  ■  WarrK  TQTPI  “  “ 


agreement,  a  guarantee  can  be  negotiated  to  provide  a  specified  effluent  with 
the  equipment  installed  and  operating  at  design  conditions. 

It  is  extremely  important  to  determine  a  plant's  wastewater  characteris¬ 
tics  (see  Chapter  5)  before  negotiation,  because  even  if  the  installed  system 
fails  to  meet  the  performance  requirements,  it  is  not  considered  a  breach  of 
the  performance  guarantee  if  the  wastewater  characteristics  are  not  within  the 
limits  set  forth  in  the  design  conditions.  DA  personnel  should  contact  vari¬ 
ous  RBC  manufacturers  for  information  concerning  the  performance  guarantee 
negotiation  procedure  and  the  terms  of  guarantees  that  are  now  in  effect. 
Appendix  A  gives  the  general  terms  of  a  performance  guarantee  from  an  RBC 
manufacturer. 

Some  manufacturers  also  provide  an  energy  use  guarantee.  If  the  average- 
kilowatt  power  consumption  per  RBC  assembly,  as  obtained  from  power  tests 
after  installation,  exceeds  the  guarantee  figure,  the  RBC  manufacturer  will 
give  the  owner  a  rebate  equivalent  to  the  present-worth  value  of  the  energy 
difference  between  the  guaranteed  and  actual  values.  However,  the  manufac¬ 
turer  may  require  that  the  power  tests  be  conducted  under  conditions  quite 
different  from  actual  operating  conditions  (e.g.,  with  an  RBC  assembly  free  of 
biomass,  rotating  at  a  peripheral  velocity  of  1.0  ft/sec  in  water  with  a  tem¬ 
perature  of  20OC,  as  opposed  to  an  RBC  with  biomass,  rotating  at  a  different 
speed  in  wastewater  and  at  a  different  temperature).  Under  such  conditions, 
the  power  consumption  would  be  lower  than  under  actual  operating  conditions. 


Equipment  Warr anty 

An  RBC  assembly  has  three  main  parts,  and  each  is  likely  to  be  covered  by 
a  different  warranty  period.  Shaft  failure  has  been  reported  in  a  few  RBC 
facilities.  All  manufacturers  submit  independently  conducted  test  data  of 
their  shafts'  structural  integrity  before  giving  bids.  These  tests  are  all 
accelerated,  full-scale  endurance  tests  which  demonstrate  the  durability  of 
the  shaft  and  its  supporting  structure.  Simulated  loads  and  testing  condi¬ 
tions  representing  load  cycles  of  20  years  or  more  have  been  reported  by  many 
manufacturers.  Thus,  a  warranty  for  the  shaft  and  its  supporting  structure 
would  cover  20  or  more  years,  depending  on  the  bid  documents.  Twenty-  to 
thirty-year  warranties  are  not  uncommon. 

RBC  manuf acturers  are  less  certain  abc  ‘h..  ’''•ability  of  their  surface 
media.  The  industry  is  only  about  10  year.,  jld,  anvi  the  majority  of  RBC 
facilities  in  the  United  States  were  built  only  3  to  A  years  ago.  Although 
the  structural  integrity  of  the  surface  media  have  been  tested  and  proven  dur¬ 
able,  the  test  conditions  do  not  simulate  chemical  attack  by  wastewaters  and 
light  degradation  over  the  long  period  of  actual  operation.  Therefore,  few 
manufacturers  would  provide  a  warranty  period  longer  than  10  years  for  surface 
media . 
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The  normal  warranty  period  for  the  mechanical -drive  unit  ranges  from  1  to 
5  years. 


Installation,  Startup,  and  Acceptance  of  the  System 

A  service  engineer  from  the  RBC  manufacturer  should  be  present  during 
installation  check  and  startup.  RBC  units  need  a  few  days  to  3  weeks  to  reach 
the  designed  treatment  performance  for  BOD  removal,  and  3  weeks  to  a  few 
months  to  obtain  full  nitrification,  depending  on  the  wastewater  temperature 
and  pH. 

Once  the  system  is  operational,  but  before  wastewater  is  introduced,  the 
power  consumption  test  can  be  conducted  (in  water  and  with  no  biomass  if  this 
test  condition  is  specified  in  the  contract  agreement).  After  the  system  has 
been  operational  for  some  time,  and  both  heterotrophic  bacteria  and  nitrifiers 
have  become  well-established,  performance  guarantee  tests  can  be  carried  out 
for  the  length  of  time  and  under  the  testing  conditions  specified  in  the  con¬ 
tract.  System  modifications  may  be  carried  out  at  the  manufacturer’s  expense 
until  the  test  results  demonstrate  that  the  specified  performance  has  been 
obtained.  The  owner  should  accept  the  system  only  after  it  is  known  that  the 
effluent  qualities  specified  at  the  design  condition  can  be  obtained. 
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6  POSSIBLE  MODIFICATION  OF  RBC  RETROFIT  SYSTEM 


Phosphorus  Removal 

This  report  has  addressed  the  capability  of  designing  RBCs  for  upgrading 
trickl i ng-fi 1  ter  effluents.  Only  BOD  removal  and  nitrification  have  been  con¬ 
sidered.  As  shown  in  Table  1,  21  NPDES  permits  issued  for  Army  wastewater 
discharges  require  better  than  secondary  treatment.  Of  these,  phosphorus 
removal  is  required  at  11  installations. 

Phosphorus  can  be  removed  biologically  in  trickling  tilters,  activated 
sludge  plants,  and  RBC  systems.  Phosphorus  is  incorporated  into  bacterial 
cells  during  synthesis.  Consequently,  when  the  biomass  in  the  biological 
treatment  system  is  wasted  periodically,  phosphorus  is  removed  from  the  sys¬ 
tem.  Thus,  overall  phosphorus  removal  depends  on  the  rate  of  uptake  and 
biomass  wastage.  The  phospho'^us  uptake  rate,  in  turn,  depends  on  the  phos¬ 
phorus  capacity  of  the  cells,  the  rate  of  cell  growth,  and  the  phosphorus  con¬ 
centration  in  the  wastewater.  Trickling  filters  and  activated  sludge  plants 
generally  are  not  expected  to  remove  more  than  35  to  40  percent  of  phosphorus 
from  the  influent  was^tewater .  Even  less  phosphorus  removal  can  be  expected  of 
the  RBC  system.  NosS  ' has  reported  E4  percent  phosphorus  removal ,  while 
Poon^'^  has  reported  17  percent  removal.  RBC  systems  produce  less  biomass 
(lower  yield  coefficient)  because  of  longer  sludge  age  (particularly  for  RBC 
application  to  upgrading  trickl i ng- fi 1  ter  effluents),  and  consequently,  remove 
less  phosphorus. 


Chemical  Removal  of  Phosphoriis 

Chemical  removal  of  phosphorus  is  much  more  effective  than  biological 
methods.  Aluminum  salts  and  iron  salts  are  particularly  effective,  with  the 
dosages  depending  on  phosphorus  concentration  and  alkalinity.  Lime  treatment 
can  also  be  used  to  precipitate  the  phosphorus.  For  simplicity  of  operation 
and  control,  lime  treatment  is  preferred,  because  the  lime  feed  system 
requires  only  pH  monitoring,  whereas  aluminum  or  iron  salts  feed  requires  both 
pH  and  dosage  monitoring.  Daily  jar  tests  arc  required  to  determine  the 
dosage  requirements  for  aluminum  salt  and  iron  salt  over  or  below  which  a 
proper  precipitation  of  phosphorus  will  not  occur. 


'F'C.  I.  Noss,  et  al.,  Recarhonation  of  Wastewater  Using  the  RBC,  paper 
presented  at  the  F'rst  National  Tympo si  urn  on  RBC  Technology,  Pittsburgh,  PA 
(February  IRRO),  Vol  1  --  PB81-IP4539,  Vol  ?  --  PR81-1R4547. 

'*''E.  D.  Smith,  C.  P.  C.  Poon ,  W.  Mikucki,  and  J.  T.  Bandy,  Tertiary  Ireatment 
of  Wastewater  Using  an  RBC  System,  Technical  Report  111.0. 

T^rniy  Construction  TrTgiru'e'ring  Research  Laboratory,  February  I'^BD). 
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Low-level  lime  closing  to  achieve  a  pH  of  9.5  to  10  can  reduce  phosphorus 
levels  to  2.0  mg/L  or  lower  in  the  primary  clarifier.  The  primary  effluent 
can  enter  activated  sludge  aeration  tanks^*^  or  trickling  filters^^  without 
affecting  the  biological  processes.  Activated  sludge  aeration  tanks  and 
trickling  filters  generate  CO2  through  microbial  activity,  which  reduces  the 
elevated  pH  to  a  level  (below  8.5)  acceptable  for  biological  treatment  (bio¬ 
logical  recarbonation) .  The  residue  phosphorus  in  the  primary  effluent  is 
sufficient  to  support  the  biological  activity  and  is  subjected  to  further 
removal  by  cell  synthesis.  The  Noss  study  demonstrates  that  an  RBC  system  can 
also  carry  out  biological  recarbonation. 


Low-Lime  and  RBC  Recarbonation  System 

In  Noss'  study  using  a  pilot-scale  RBC  system,  the  low-lime  treatment 
technique  not  only  significantly  removed  phosphorus,  but  also  decreased  the 
organic  loading  (soluble  BOD  removal  by  lime  treatment  was  more  than  90  per¬ 
cent).  This  lower  organic  loading  reduced  the  RBC  surface  media  requirement 
for  BOD  removal,  leaving  more  media  available  for  nitrification.  The  primary 
effluent  produced  an  excellent  environment  for  nitrification  (low  BOD,  ade¬ 
quate  alkalinity,  pH  between  7.0  and  8.0).  As  a  result,  more  than  80  percent 
NH3-N  removal  was  obtained  with  the  hydraulic  loading  between  2  to  3  gpd/sq  ft 
(with  soluble  BOD  concentration  of  RBC  influent  at  about  35  mg/L).  At  or 
above  4  gpd/sq  ft  loading,  recarbonation  was  not  successful  in  suppressing  ph. 
leading  to  poor  NH3-N  removal;  however,  BOD  removal  was  not  affected. 

The  results  of  the  low-lime  and  RBC  recarbonation  system  need  confirma¬ 
tion  from  a  full-scale  operation.  However,  the  potential  of  such  a  simple 
technique  is  very  promising  for  upgrading  DA  STPs. 


L .  A.  Schmid,  et  al  . ,  "Phosphate  Removal  by  a  Lime-Biological  Treatmert 
Scheme."  J.  WPCF,  (1969)  p  1259. 

R.  D.  Miller,  et  al . ,  Phosphorus  Removal  in  a  Pilot  Scale  Trickling  Filter 
System  by  Low-Level  Lime  Addition  to  Raw  Wastewater,  TechnfeaT  Heporf  7^1 
(TI.S.  Army  Medical  Engineering  Research  and  Development  Laboratory,  in, ’ll. 
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7  EVALUATION  OF  RBC  STUDIES  WITH  SPECIFIC  APPLICATION 
TO  UPGRADING  TRICKLING-FILTER  TREATMENT 


Reported  Studies 

There  have  been  very  few  independent  studies  of  RBC  applications  to 
upgrading  trick! i ng-fi 1  ter  treatment  plants.  The  few  such  studies  that  have 
had  results  released  are  reviewed  here,  particularly  in  reference  to  system 
capability  for  E'OD  removal  and  nitrification  under  varying  climate  and  loaaing 
conditions.  Design  criteria  developed  from  these  results  will  be  compared 
with  those  obtained  from  RBC  manufacturers.  Suggestions  will  then  be  made 
about  whether  the  manufacturers'  design  criteria  should  be  changed. 

The  four  independent  studies  reviewed  were; 

1.  J.  F.  Lagnese  of  Duncan,  Lagnese  &  Associates,  I^lf-,  Pilot  RBC  Study 
for  the  North  Huntington  Treatment  Plant  in  Pennsyl vani a 

2.  H.  M.  Wexler  of  the  Minges  Associates,  Inc.,  Pilot  RBC  Study  for  the' 
Plainville  Treatment  Plant  in  Connecticut.^^ 

3.  R.  0.  Miller,  C.  I.  Noss,  A.  Ostrofsky,  and  R.  S.  Ryczak,  PJ^lot  RBC 
Study  for  DA  Fort  Detrick  Treatment  Facility  in  Frederick,  Maryland.  ' 

4.  E.  0.  Smith,  C.  P.  C.j_Poon,  W.  Mikucki,  and  J.  T.  Bandy,  Pilot  RBC 
Study  in  Rhode  Island  for  DA. 

In  the  following  discussion,  the  studies  are  designated  as  the  N.  Hunt¬ 
ington  study,  the  Plainville  study,  the  US  AMBRDL  study,  and  the  CERL  study,, 
respectively.  The  N.  Huntington  study  tested  the  RBC  system  both  in  series 
and  in  parallel  with  the  existing  trickling  filters,  while  all  other  studies 
tested  the  operation  in  series  with  trickling  filters  only.  Both  the  US 
AMBRDL  and  CERL  studies  placed  the  RBC  system  downstream  from  the  trickling- 
fil ter  cl ari fiers. 


.  F.  Lagnese,  Evaluation  of  RBCs  Used  to  Upgrade  Municipal  Plants  to  Secon¬ 
dary  Standards ,~p¥j5Fr ’prese'nteB"  at  the  Technical  TbnTFrencF,  WPT’~As sofTa'^Too 
of  Pennsyl vani a  ,  Pittsburgh,  PA  (April  1978). 

■’^H.  M.  Wexler,  RBC  Pilot  Plant  Test  for  the  Town  of  Plainville,  Report  to 
Town  of  Plainville,  CT  (December  1978).' 

^^'r.  D.  Miller,  C.  I.  Noss,  A.  Ostrofsky,  and  R.  S.  Ryczak,  RRC  Process  for 
Secondary  Treatment  and  Nitrification  Following  a  Trickl  ing  FiTToF.^TecTim  ■ 

_  cayReporT'TQO'B’  (US  AMBRDl',"June  IWiT  “ 

''  e.  0.  Smith,  C.  P.  C.  Poon,  W.  Mikucki,  and  J.  T.  Banny,  Treatm'-'nt 

of  Wastewater  Using  an  RBC  System,  Technical  Report  N-HS/AdaIiPpso?'  T’CST.' 
Army”  Construc’tTbrT  rngiTTe’eri ng  Research  Laboratory,  February  1^80). 
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KPC  Performance  in  BOD  Removal 


The  influent  soluble  BOD  loading  can  be  calculated  for  all  stuO'cs  I'.oir 
Che  RBC  influent  soluble  BOD  concentration  and  hydraulic  loading  data.  By 
plotting  the  influent  soluble  BOD  loadings  against  the  effluent  BOL  concentra¬ 
tions  (Figure  15';,  RBC  performance  is  revealed  under  varying  leading  condi¬ 
tions.  The  plot  clearly  shows  that  effluent  soluble  BOD  increases  as  loadinc 
increases.  On  the  average,  an  effluent  of  10  mg/L  soluble  PODr  can  re 
obtained  if  the  influent  soluble  BOO5  loading  is  kept  at  or  below  1.0  Ib/lOOf) 
sq  ft-day.  Doubling  the  loading  will  also  double  the  effluent  soluble  BOB 
concentration. 

BOD  removal  data  from  the  design  manuals  of  many  RBC  manufac, turers  were 
calculated  and  plotted  for  comparison  (Figure  16).  The  RBC  manufacturers 
data  appear  to  show  consistently  better  performance  than  the  tour  reported 
studies  (soluble  BOD5  is  about  5  mq/L  lower).  The  manufacturers '  desig't 
curves  or  design  loadings  for  BOD  removal  supposedly  apply  to  both  seconnary 
treatment  and  beyond.  In  using  these  curves  or  loadings,  no  aistinctip''  is 
made  between  use  of  the  RBC  for  secondary  treatment  or  for  upgrading  t^'ickiing 
filter  effluents.  This  practice  is  questionable  for  two  reasons.  Fi’^st,  in 
the  upgrading  of  trickl i ng-fi 1  ter  effluents,  the  feed  to  the  RBC  system  in 
series  contains  a  greater  portion  of  the  more  biologically  resistant  BODc,  sub- 
■trates  (the  less  resistant  ones  have  been  removed  by  the  trickling  filters), 
which  leads  to  a  slower  rate  of  bio-oxidation  and  BOD  removal.  Second  secon- 
,‘any  treatment  using  RBC  exhibits  a  higher  BOD  removal  rate  because  the'-e  is  a 
higne-r  influent  BOD  concentration  (primary  effluent  instead  of  trickiinc 
f i 1  ter  effluent) . 

The  RBC  system  described  in  the  N.  Huntington  study  was  at  one  time 
operated  in  parallel  with  the  existing  trickling  filters.  Therefore,  since 
the  RBC  system  ’-eceived  a  higher  BOD  influent  with  less  resistant  sid' '  rate 
I  primary  effluent  which  had  not  yet  received  biological  treatment),  higher 
oercentage  of  BOD  removal  w..s  obtained.  The  data  plotted  in  Figure  lu  inrii- 
'"dto  that  the  performance  was  indeed  comparable  to  or  even  slightly  \ett‘'T 
lean  the  manufacturers'  predicted  performance.  Consequently ,  the  findings  of 
These  four  studies  show  .hat  the  manuf  acturers '  design  curves  and  riesign  load¬ 
ings  may  not  be  directly  applicable  to  RBC  upgrading  of  trickl  i  ng- fi  M  cr- 
e  f f 1 uents  . 


Anotf!'  ompl'd  ation  of  RBC  application  to  upgrading  is  that  the  degree 
of  ni tri f i  ,dtion  varies  in  the  RBC  effluent.  Obviously,  much  stronger  n'fr't- 
ication  or  curs  in  ’ffluents  from  RBC  used  to  upgrade  trickling  filters  ttar' 
f^nm  RBC  "c  ui  for  econdary  treatment.  Therefore,  much  of  the  effluent  BOD  ’s 
made  up  c.  ritrogenou"  oxygen  demand  (NOD).  Both  the  CERL  and  N.  Huntington 
studies  slewed  significant  amounts  of  NOD  in  some  of  their  RBC  effluent,  to  ter 
'’xtent  that-  the  BOD  values  were  too  high.  Therefore,  it  is  difficult  to  com- 
tti  BUD  removal  between  RBC  systems  of  different  applications  unless  the 
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degree  of  ni tri f ication  is  identical  in  all  cases,  or  unless  nitrification  can 
be  eliminated  in  the  BOD  bottles  during  the  incubation  period. 

Considering  the  complication  of  nitrification  on  effluent  BOD,  and  the 
fact  that  the  manufacturers '  data  are  not  overly  optimistic  (compared  to  N. 
Huntington  data  in  parallel  operation),  it  is  suggested  that  the  manufactur¬ 
ers'  design  curves  or  design  loadings  bo  used  without  adjustment  for  BOD  remo¬ 
val  and  for  temperature  corrections  in  the  system  design. 


RBC  Performanc e  in  Kli tri fication 

The  procedure  described  in  the  previous  section  on  BOD  removal  was  used 
to  plot  nitrification  data  from  several  RBC  systems  (see  Figure  17).  However, 
nitrification  data  from  the  N.  Huntington  study  was  available.  The  curve  in 
Figure  17  represents  the  average  condition.  From  the  scattering  of  points,  it 
can  be  seen  that  nitrification  performance  was  not  as  steady  as  BOD  removal, 
most  likely  because  of  fluctuations  in  influent  BOD.  Although  a  properly 
designed  RBC  system  can  treat  fluctuating  BOD  successfully,  the  higher  BOD 
loading  is  pushed  further  downstage  for  removal,  which  reduces  nitrification 
at  these  locations  (see  the  section  in  Chapter  4  on  nitrification  design). 

Manufacturers'  average  data  on  nitri fication  were  plotted  in  Figure  18 
for  comparison  with  data  from  the  independent  studies  as  presented  in  Figure 
15.  The  manufacturers'  predicted  performance  is  better  than  the  performance 
noted  in  the  private  studies,  following  the  same  pattern  as  BOD  removal. 
Therefore,  since  RBC  manufacturers  are  willing  to  negotiate  a  performance 
guarantee,  their  design  curves  or  design  loadings  should  be  used. 
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8  SUMMARY 


This  report  has  provided  information,  case  histories,  and  design  guidance 
useful  to  DA  personnel  who  must  decide  whether  to  use  rotating  biological  con¬ 
tactors  to  upgrade  their  installations'  trickl ing-fi 1  ter  sewage  treatment 
plants.  Answers  have  been  given  to  the  questions  DA  personnel  most  commonly 
ask  about  RBC  equipment,  costs,  installation  time,  manpower  requirements,  land 
requirements,  energy  consumption,  and  effectiveness  in  upgrading  effluent  to 
NPDES  standards. 

RBC  equipment  produced  by  U.S.  manufacturers  was  described,  and  weighted 
selection  criteria  were  provided  that  will  help  the  Facility  Engineer  decide 
whether  an  RBC  system  will  be  useful  at  the  installation. 

The  most  current  RBC  technology  design  guidelines  have  been  described  in 
terms  of  their  special  application  to  upgrading  trickl i ng-fi 1  ter  effluents.  A 
stepwise  approach  has  been  provided  to  enable  DA  personnel  to  compare  various 
upgrading  alternatives.  Several  independent  studies  were  reviewed  that  have 
compared  actual  RBC  performance  data  with  design  claims  of  RBC  manufacturers . 
Discrepancies  have  been  pointed  out,  and  reasons  for  accepting  the  manu¬ 
facturer's  design  criteria  are  offered. 
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APf’tNUU  A: 


!  YP  Il  Al  I  liNi'  '  .  ^  'h'  ■  ' 
PERH1RMANI  t  ' 


i  :■>  i:RMANC:i  GL'ARANTf  E 


(Cif'O. 


1.  Th('  M.  •••  '  r  tnrr;i'>  n  procf’ss  porformance  bond  equal 

t(  r-.r?  >  '  .(utrai.t  price.  Said  bond  to  be  issued  by 

a  r(  cpnr  <■  1 ,  'u'lT,  irp.vtd  by  tbc’  Owr.er/ Engineer  and  shall  guarantee 
the  lierturnKini  t  (,f  t  hr  Mi  .1’ ci.  installation  as  specified.  The  term  of 
•iaid  proi  '  pr  ■  t,',ri(i,:r,.  i  (lorid  shall  not  be  for  more  than  two  (2)  years 
after  start  up  i  t  tbf  Rli'  units,  and  until  the  process  has  been  demon¬ 
strated  to  tomply  w'tli  ih(  spec i < leaf  ions.  Said  process  performance  bond 
shall  guar-mter  the  bio  oisi  system  to  perform  under  the  conditions  speci¬ 
fied  under  dtsign  lomlitians,  the  testing  procedures,  and  the  bio-disc 
equipment  is  erected,  operat(-d,  and  maintained  in  accordance  with 
manufacturer's  normal  instructions.  Letter  from  surety  shall  be  attached 
to  manufacturer ' s  quotation. 

2.  Object! ve  -  The  objective  of  this  guarantee  is  to  provide  a  specified 
effluent  with  the  equipment  installed  and  operating  at  design  conditions. 
The  contractor  and  equipment  manufacturer  may  witness  all  phases  of  the 
process  performance  guarantee  test  and  shall  p'^ovide  any  necessary  gui¬ 
dance  . 

3.  Start-Up  -  All  unit  processes  and  auxiliary  equipment  necessary  for  satis¬ 
factory  operation  of  the  bio-disc  system  shall  be  operational  before  any 
tests  are  performed.  The  treatment  plant  shall  then  be  operated  to 
develop  suitable  conditions  for  a  performance  test  which  will  equal  or 
simulate  the  design  parameters. 

4.  Data  Collection  and  Test  Method  -  The  performance  test  shall  be  for  a  30 
consecutive  day  period  and  the  RBS  performance  shall  be  determined  from 
the  average  of  the  30  consecutive  days.  Should  the  results  of  this  test 
prove  to  be  unsati sfac tory ,  a  second  test  may  be  required.  After  receiv¬ 
ing  notice  of  unsati sfactory  performance,  the  contractor  shall  have  hp 
days  in  which  to  make  necessary  corrections  and  prepare  for  another  3U-day 
performance  test.  Any  modifications  to  the  bio-disc  equipment  or  appurte¬ 
nances  shall  be  at  no  expense  to  the  Owner.  The  additional  test,  if 
required,  shall  be  conducted  by  the  Owner,  as  above. 


The  Engineer  shall  notify  the  Contractor  and  equipment  manuf acturei  that 
the  system  has  been  prepared  for  performance  testing  and  when  the  perfc> - 
mance  test  is  to  begin.  Within  15  days  of  this  notification,  the  Ccntrac- 
tor  and  equipment  manufacturer  shall  propose  any  changes  they  feel  a^t 
necessary  prior  to  the  test.  When  the  treatment  system  is  operating  .jncer 
conditions  acceptable  to  the  Contractor  and  equipment  manufacturer,  nc'-'fc 
shall  be  delivered  to  the  Engineer  that  the  performance  test  may  (Ommence. 

During  the  performance  test,  flows  will  be  monitored,  wastewater  tempera¬ 
ture  determined,  and  laboratory  tests  will  be  conducted  for  pH,  susiiCnci<-'d 
solids,  dissolved  solids,  total  solids  (etc.  per  spec  para.  3.?,  pace 
15W-2),  to  determine  all  of  the  bio-disc  influent  parameters  listed  in  •  h< 
design  basis.  In  addition,  BOD5  and  COD  concentrations  of  the  tmo-cisc 
effluent  will  be  determined.  Plant  personnel  shall  be  responsible  fo* 
gathering  all  samples  and  performing  all  laboratory  tests. 

Laboratory  work  shall  conform  to  the  procedures  in  the  latest  edition  cl 
Standard  Methods  with  weekly  and  final  test  results  transmitted  to  the 
Contractor  and  equipment  manufacturer  as  soon  as  they  become  available. 
Equipment  as  provided  for  in  these  specifications  shall  collect  ?‘^-hour. 
proportional-to-plant-influent-flow,  composite  samples  of  the  notating 
disc  influent  wastewater.  Samples  of  the  rotating  disc  effluent  shall  bn 
obtained  by  portable,  time  clock  controlled,  24-hour  composite  samplers 
provided  by  the  Owner  or  Contractor  for  the  duration  of  the  performance 
test.  The  portable  samplers  shall  operate  on  110  volt,  single  phase,  M' 
hertz  power  supply,  with  one  to  be  mounted  over  the  rotating  disc  effluent 
channel  by  the  Contractor.  All  samples  shall  be  stored  at  AOp  gurinci  anc 
prior  to  any  laboratory  analysis,  and  a  minimum  of  bO  minutes  srti.i'nq 
time  on  a  one  liter  graduated  cylinder  shall  be  provided  for  rnn  disi. 
effluent  samples  before  testing.  Samples  that  cannot  be  held  m  a  stabU 
state  for  24  hours  at  40C  shall  be  preserved  in  accordance  with  thi  iates* 
edition  of  Standard  Methods ,  or  equivalent  method  acceptahle  to  'wrc'-  ,':c' 
equipment  manufacturer.  Daily  test  analyses  may  be  perfornic'ci  d,v  an 
independent  laboratory  at  the  option  of  the  Owner  and  subject  te  -'pi.rov  a  ’ 
of  the  Contractor  and  RBS  eouipment  manufacturer . 

5.  Liability  -  If  the  nio-disc  system  dees  not  meet  the  process  pc  r  TO'ic.iru  (■ 
requirements,  and  wastewater  characteristics  are  with'r  the  limits  m’ 
forth  in  the  design  conditions,  then  the  failure  to  meet  the  pet fo-rinnc f 
requirements  shall  not  be  considered  a  breach  of  the  periorma’^.  e  juat.-ir 
tee.  Under  these  conditions,  the  Owner  may  promptly  make  cortst  {.  ictns  "o 
ttiat  the  wastewater  requirements  are  met,  and  again  run  rhf.  perfor-iiaru 
test.  Owner  shall  continue  to  make  corrections,  as  necessary,  rind  c cr- 
tinue  to  run  the  performance  tests  as  often  as  necessary  unt.i1  infiuen* 
wastewater  characteri  sties  meet  the  specified  requi  r  .  ii  t f'l'" 

system  does  not  meet  the  process  performance  rrqui  rcmc 'it  ^  ,  md 
water  characteristics  are  within  the  limits  set  forth  ie  'ht  Of’sijn  -fM 
tions,  the  bio- disc  manufacturer  shall  t)f  not  if  ire. ,  'n  wt  M  i  ncj ,  ♦hf-iM 


•V 


and  shall,  within  90  days  after  said  notification  by  Owner,  make  necessary 
corrections  and  remedy  defects,  and  another  thirty  (30)  day  performance 
test  shall  be  conducted  by  the  Owner  if  desired. 

Upon  successful  verification  of  the  process  performance  requirements,  the 
manufacturer  shall  have  no  further  process  performance  liability  to  the 
Owner. 


93 


APPENDIX  B 


RBC  MANUFACTURERS'  DESIGN  CURVES  AND 
DESIGN  LOADINGS  USED  IN  EXAMPLlS  SHOWN 

IN  CHAPTER  5 


The  following  graphs  are  Tiq;n'cs  C-1  ,  C-C  ,  C-a.  C-S.  (,-•/,  and  E-16  taken 
from  the  Autotrol  Design  Manua'i  (repr  ^nv-c  witt  pc-mi  aS'on)  . 
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Figure  B3.  Bio-Surf  process  temperature  correction  for  ROD  removal 
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Figure  B5.  Bio-Surf  process  temperature  correction  for  nitrification 
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Figure  B6.  Bio-Surf  process  total  construction  cost. 
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The  following  are  Tables  III  and  IV  from  the  Clow  Corporation's  Prelim¬ 
inary  Envirodisc  Design  Manual . 


Table  B1 

Soluble  BOD5  Loading  Rates 


Design  Effluent  SBOD5 

SBOD5  Application  Rate 

Concentrations  mg/L 

lbs/SBOD/1000  sq  ft/ day 

5 

1 

10 

1  1/2 

15 

2 

20 

2  1/4 

25 

2  1/2 

30 

2  3/4 

TEMPERATURE  CORRECTION  FACTORS 
(Multiply  Calculated  Area  for  BOD  Removal  by  T0) 


op 

Tb 

55 

1.0 

50 

1.15 

45 

1.33 

40 

1.5 
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Table  B2 


Nitrification  Loading  Rates 


(These  loading  rates  are  approximate  and  for  preliminary  sizing  only.  Contact 
Clow  Envirodisc  for  loading  rates  for  specific  conditions.) 


Design  Effluent 
NH3-N  Concentration 
mg/L 


1 

2 

3 

4 

5 

6 

7 

8 


Loading  Rate 
( Influent  =  10  to 
30  mg/L) 

lb/1000  sq  ft/ day 

0.23  -  0.27 
0.3  -  0.32 
0.33  -  0.4 
0.35  -  0.45 
0.36  -  0.5 
0.38  -  0.58 
0.43  -  0.65 
0.5  -  0.7 


TEMPERATURE  CORRECTION  FACTORS 
(Multiply  Calculated  Area  for  Nitrification  by  T|^) 


OF 

Tn 

55 

1.0 

50 

1.28 

45 

1.75 

42  1/2 

2.25 
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APPENDIX  C: 


RECENT  RBC  TECHNOLOGY* 

III. 5. 4  ROTATING  BIOLOGICAL  CONTACTORS  [1] 

1 1 1 . 5 . 4 . 1  Function 

Rotating  biological  contactors  (RBC)  are  used  to  remove  dissolved  and  col¬ 
loidal  biodegradable  organics. 

111. 5. 4. 2  Description 


The  process  utilizes  a  fixed-film  biological  reactor  consisting  of  plastic 
media  mounted  on  a  horizontal  shaft  and  placed  in  a  tank.  Common  media  forms 
are  a  disc-type  made  of  styrofoam  and  a  denser  lattice-type  made  of 
polyethylene.  While  wastewater  flows  through  the  tank,  the  media  are  slowly 
rotated,  about  40  percent  immersed,  for  contact  with  the  wastewater  to  remove 
organic  matter  by  the  biological  film  that  develops  on  the  media.  Rotation 
results  in  exposure  of  the  film  to  the  atmosphere  as  a  means  of  aeration. 
Excess  biomass  on  the  media  is  stripped  off  by  rotational  shear  forces,  and 
the  stripped  solids  are  maintained  in  suspension  by  the  mixing  action  of  the 
rotating  media.  Multiple  staging  of  RBCs  increases  treatment  efficiency  and 
could  help  achieve  nitrification  year  round.  A  complete  system  could  consist 
of  two  or  more  parallel  trains,  each  consisting  of  multiple  stages  in  series. 

111. 5. 4. 3  Common  Modifications 

Common  modifications  of  RBCs  Include  the  following:  multiple  staging;  use  of 
dense  media  for  latter  stages  in  train;  use  of  molded  covers  for  housing  of 
units;  various  methods  of  pre-  and  post- treatment  of  wastewater;  usr  in  combi¬ 
nation  with  trickling  filter  or  activated  sludge  processes;  use  of  air  driven 
system  with  tapered  gas  flow  in  lieu  of  mechanically  driven  system;  addition 
of  air  to  the  tanks;  addition  of  chemicals  for  pH  control;  and  sludge  recy¬ 
cling  to  enhance  nitrification. 

111. 5. 4. 4  Technology  Status 

The  process  has  been  used  in  the  United  States  since  1969  and  is  not  yet  in 
widespread  use.  Use  of  the  process  is  growing,  however,  because  of  its 
characteristic  modular  construction,  low  hydraulic  head  loss,  and  shallow 
excavation,  which  make  it  adaptable  to  new  or  existing  treatment  facilities. 


*  From  R.  A.  Sullivan,  et  al..  Upgrading  Existing  Waste  Treatment  Faciliti^ 
Utilizing  the  BIO-SURF  Process,  paper  presented  at  the'  First  National  Sympo¬ 
sium  on  KBc  Technology,  Pittsburgh,  PA  (February  19B0),  Vol  1  --  PB81- 
124539,  Vol  2  -  PB81-124547. 
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III. 5. 4. 5 


AppT Icatlons 

Applicable  to  treatment  of  domestic  and  compatible  Industrial  wastewot«r; amen¬ 
able  to  aerobic  biological  treatment  In  conjunction  with  suitable  pretreatment 
and  post- treatment;  can  be  used  for  nitrification,  roughing  secondary  treat¬ 
ment,  and  polishing. 

III. 5. 4. 6  Limitations 


Can  be  vulnerable  to  climatic  changes  and  low  temperatures  If  not  housed  or 
covered;  performance  may  diminish  significantly  below  550F;  enclosed  units  can 
result  In  considerable  wintertime  condensation  if  heat  Is  not  added  to  enclo¬ 
sure;  high  organic  loadings  can  result  In  first-stage  septicity  and  supplen.en- 
tal  aeration  may  be  required;  use  of  dense  media  for  early  stages  can  result 
in  media  clogging;  alkalinity  deficit  can  result  from  nitrification;  supple¬ 
mental  alkalinity  source  may  be  required. 

III. 5. 4. 7  Residuals  Generated 


Sludge  In  secondary  clarifier;  3,000  to  4,000  gal  sludge/Mgal  wastewater;  500 
to  700  lb  dry  sollds/Mgal  wastewater.  These  data  are  based  on  municipal 
wastewater. 


III. 5. 4. 8  Reliability 


Moderately  reliable  In  the  absence  of  high  organic  loading  and  temperatures 
below  550F;  mechanical  reliability  Is  generally  high  if  first  stage  of  system 
is  designed  to  hold  large  biomass;  dense  media  in  first  stage  can  result  in 
clogging  and  structural  failure. 

111. 5. 4. 9  Environmental  Impact 

Negative  Impacts  have  not  been  documented;  presumably,  odor  can  be  a  problem 
If  septic  conditions  develop  In  first  stage. 

111. 5. 4. 10  Design  Criteria 

Criteria  Units  Range/value 


Organic  loading  lb  BOD5  1,000 

ft3  of  media 


Without  nitrification:  30  -  60 
With  nitrification:  15  -  20 


Hydraulic  loading  gpd/ft^  of  media 


Without  nitrification:  0.75  -  1.5 
With  nitrification:  0.3  -  0.6 


Stages/ train 


At  least  4 


100 


Parallel  tr-»ins 

- 

At  least  2 

Rotational  velocity 

ft/mi n  (peripheral) 

60 

Media  surface  area 

ft2/ft3 

Disc  type:  20  -  25 

Lattice  type:  30  -  35 

Media  submerged 

percent 

40 

Tank  volume 

gal/ft3  of  disc  area 

0.12 

Detention  time 

nin  (based  on  0.12  gal/ft^) 

Without  nitrification:  40  -  90 
With  nitrification:  90  -  230 

iecondary 

cl ari fier  overflow 

gpd/ft.2 

500  -  700 

rower 

horse-power/25  ft  shaft 

7.5 

IIi.5.4Jl  Flow  Diagram 


TYPICAL  STAGED  RBC  CONFIGURATION 
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SECONDARY  EFFLUENT 


WASTE  SLUDGE 


ALTERNATE  SHAFT  ORIENTATION  IS  PARALLEL  TO 
DIRECTION  OF  FLOW  WITH  A  COMMON  DRIVE  FOR  ALL 
THE  STAGES  IN  A  SINGLE  TRAIN. 


III. 5. 4. 13  References 


1.  Innovative  and  Alternative  Technology  Assessment  Manual. 

EPA-430/9-78-009  (draft),  U.S.  Environmental  Protection  Agency,  Cincinnati,  Ohio, 
1978.  252  pp. 
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CONTROL  TECHNOLOGY  SUMMARY  FOR  ROTATING  BIOLOGICAL  CONTACTORS 
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APPENDIX  D: 

EXCERPTS  FROM  CHAPTER  7,  VOLUME  1,  OF  OPERATION  OF  WASTEWATER 
TREATMENT  PLANTS  —  A  FIELD  STUDY  TRAINING  PROGRAM 


(2nd  edition,  published  by  U.S.  Environmental  Protection  Agency, 
Office  of  Water  Program  Operations,  Municipal  Permits  and 
Operations  Division,  1980) 
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GLOSSARY 


Chapter  7.  ROTATING  BIOLOGICAL  CONTACTORS 


BIODEGRADABLE  BIODEGRADABLE 

Organic  matter  that  can  be  broken  down  by  bacteria  to  more  stable  forms  which  will  not  create  a  nuisance  or  give  off  foul  odors 

COMPOSITE  (PROPORTIONAL)  SAMPLE  COMPOSITE  (PROPORTIONAL)  SAMPLE 

A  composite  sample  is  a  collection  of  individual  samples  obtained  at  regular  intervals,  usually  every  one  or  two  hours  during  a 
24-hour  time  span.  Each  irKlividual  sample  is  combined  with  the  others  in  proportion  to  the  flow  when  the  sample  was  collected  The 
resulting  mixture  (composite  sample)  forms  a  representative  sample  artd  is  analyzed  to  determine  the  average  conditions  during  the 
sampling  period. 

GRAP  SAMPLE  GRAB  SAMPLE 

A  single  sample  of  wastewater  taken  at  neither  a  set  time  nor  flow. 

INHIBITORY  SUBSTANCES  INHIBITORY  SUBSTANCES 

Materials  that  kill  or  restrict  the  ability  of  organisms  to  treat  wastes. 

MPN  MPN 

MPN  is  the  Most  Probable  Number  of  colifomi-group  organisms  per  unit  volume.  Expressed  as  a  density  or  population  of  organisms 
per  100  ml. 

NEUTRALIZATION  NEUTRALIZATION 

Addition  of  an  acid  or  alkali  (base)  to  a  liquid  to  cause  the  pH  of  the  liquid  to  move  towards  a  neutral  pH  of  7.0 

NITRIFICATION  NITRIFICATION 

A  process  in  which  bacteria  change  the  ammonia  and  organic  nitrogen  in  wastewater  into  oxidized  nitrogen  (usually  nitrate).  The 
seojnd-stage  BOD  is  sometimes  referred  to  as  the  "nitrification  stage"  (first-stage  BOD  is  called  the  "carbonaceous  stage  ) 

PYROMETER  PYROMETER 

An  apparatus  used  to  measure  high  temperatures. 

SOLUBLE  BOO  SOLUBLE  BOD 

Soluble  BOO  Is  the  BOD  of  water  that  has  been  filtered  In  the  standard  suspended  solids  test 

SUPERNATANT  SURE  RNA I  AN  I 

Liquid  removed  from  settled  sludge.  Supernatant  commonly  refers  to  the  liquid  between  the  sludge  on  the  bottom  and  the  scum  on 
the  surface  of  an  anaerobic  digester.  This  liquid  is  usually  returned  to  the  influent  wet  well  or  to  the  primary  clarifier. 


CHAPTER  7.  ROTATING  BIOLOGICAL  CONTACTORS 


7.0  DESCRIPTION  OF  ROTATING  BIOLOGICAL  CON- 
TACTORS 

Rotating  biological  contactors  (RBC)  are  a  secondary  biolog¬ 
ical  treatment  process  (Figure  /.Irfor  domestic  and  BIODE¬ 
GRADABLE'  industrial  wastes.  Biological  contactors  have  a 
rotating  shaft  surrounded  by  plastic  discs  called  the  "media. 
The  shaft  and  media  are  called  the  "  drum '  (Figures  7.2  and 
7  3).  A  biological  slime  grows  on  the  media  when  conditions 
are  suitable  This  process  is  very  similar  to  a  trickling  filter 
where  the  biological  slime  grows  on  rock  or  other  media  and 
settled  wastewater  (primary  clarifier  effluent)  is  applied  over 
the  media.  With  rotating  biological  contactors,  the  biological 
slime  grows  on  the  surface  of  the  plastic-disc  media.  The  slime 
is  rotated  into  the  settled  wastewater  and  then  into  the  atmos¬ 
phere  to  provide  oxygen  for  the  organisms  (Fig.  7.2).  The 
wastewater  being  treated  usually  flows  parallel  to  the  rotating 
shaft,  but  may  flow  perpendicular  to  the  shaft  as  it  flows  from 
stage- to-stage  or  tank-to-tank. 

The  plastic-disc  media  are  made  of  high-density  plastic  cir¬ 
cular  sheets  usually  12  feet  (3.6  m)  m  diameter.  These  sheets 
are  bonded  and  assembled  onto  horizontal  shafts  up  to  25  feet 
(7.5  m)  in  length.  Spacing  between  the  sheets  provides  the 
hollow  (void)  space  for  distribution  of  wastewater  and  air  (Fig¬ 
ures  7,3  and  7.4). 

The  rotating  biological  contactor  process  uses  several  plas¬ 
tic  media  drums.  Concrete  or  coated  steel  tanks  usually  hold 
the  wastewater  being  treated.  The  media  rotate  while  approx¬ 
imately  40  percent  of  the  media  surface  is  immersed  in  the 
wastewater  (Fig.  7.4).  As  the  drum  rotates,  the  media  pick  up  a 
thin  layer  of  wasiewater  which  flows  over  the  biological  slimes 
on  the  discs.  Organisms  living  in  the  slimes  use  organic  matter 
from  the  wastewater  for  food  and  dissolved  oxygen  from  the 
air.  thus  removing  wastes  from  the  water  being  treated.  As  the 
attached  slimes  pass  through  the  wastewater,  some  of  the 
slimes  are  sloughed  from  the  media  as  the  media  rotates 
downward  into  the  wastewater  being  treated.  The  effluent  with 
the  sloughed  slimes  flows  to  the  secondary  clarifier  where  the 
slimes  are  removed  from  the  effluent  by  settling.  Figure  7.5 
shows  the  location  of  a  rotating  biological  contactor  process  in 
a  wastewater  treatment  plant.  The  process  is  located  in  the 
same  position  as  the  trickling  filter  or  activated  sludge  aeration 
basin.  Usually  Ihe  process  operates  on  a  "once-through ' 
scheme,  with  no  recycling  of  effluent  or  sludge,  which  makes  it 


a  simple  process  to  operate 

The  major  parts  of  the  process  are  listed  in  Table  7  i  along 
with  their  purposes.  The  concrete  or  steel  tanks  are  commonly 
shaped  to  conform  to  the  general  shape  of  the  media  This 
shape  eliminates  dead  spots  where  solids  could  settle  out  and 
cause  odors  and  septic  conditions  These  tanks  may  be  di¬ 
vided  into  four  bays  (stages)  with  either  concrete  walls  or  re¬ 
movable  baffles,  depending  on  the  design 

The  rotating  biological  contactor  process  is  usually  divided 
into  four  different  stages  (Fig.  7  6)  Each  stage  is  separated  by 
a  removable  baffle,  concrete  wall  or  cross-tank  bulkhead 
Wastewater  flow  commonly  is  parallel  to  the  shaft.  Each  bulk¬ 
head  or  baffle  has  an  underwater  orifice  or  hole  to  permit  flow 
from  one  stage  to  the  next.  Each  section  of  media  between 
bulkheads  acts  as  a  separate  stage  of  treatment 

Sfagi.ng  is  used  in  order  to  maximize  the  effectiveness  of  a 
given  amount  of  media  surface  area.  Organisms  on  the  first- 
stage  media  are  exposed  to  high  levels  of  BOD  and  reduce  the 
BOD  at  a  high  rate.  As  the  BOD  levels  decrease  from  stage  to 
stage,  the  rate  at  which  the  organisms  can  remove  BOD  de¬ 
creases. 

Treatment  plants  requiring  four  or  more  shafts  of  media  usu¬ 
ally  are  arranged  so  that  each  shaft  serves  as  an  individual 
stage  of  treatment.  The  shafts  are  arranged  so  the  flow  is 
perpendicular  to  the  shafts  (Fig.  7.6,  Layout  No.  3)  Plants  with 
fewer  than  four  shafts  are  usually  arranged  with  the  flow  paral¬ 
lel  to  the  shaft  (Fig.  7.6,  Layout  No.  1). 

Rotating  biological  contactors  are  covered  for  several  rea¬ 
sons  which  depend  on  climatic  conditions: 

1.  Protect  biological  slime  growths  from  freezing; 

2.  Prevent  intense  rams  from  washing  off  some  of  the  shme 
growths: 

3.  Stop  exposure  of  media  to  direct  sunlight  to  prevent  growth 
of  algae: 

4.  Avoid  exposure  of  media  to  sunlight  which  may  cause  the 
media  to  become  brittle;  and 

5.  Provide  protection  for  operators  from  sun,  rain  or  wind  while 
maintaining  equipment. 


'  BioOegraUable  iBUy-o-dne  GRADE  able)  Organic  matter  that  can  be  broken  down  by  bacteria  to  more  stable  forms  which  will  not  create 
a  nuisance  or  give  oft  foul  odors 

♦ 

Note:  The  f1(|ure«  contalneH  In  the  original  publUatfon  have  been  deleted  from  these  excerpts. 
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TABLE  7.1  PURPOSE  OF  PARTS  OF  A  ROTATING 
BIOLOGICAL  CONTACTOR 


1 .  Concrete  or  Steel  Tank  Di¬ 
vided  into  Bays  (Sections) 
by  Baffles  (Bulkheads) 


2.  Orifice  or  Weir 
Located  in  Baffle 


3.  Rotating  Media 


4.  Cover  over  Contactor 


5.  Drive  Assembly 

6.  Influent  Lines  with  Valves 


7.  Effluent  Lines  with  Valves 


8  Underdrains 


Purpose 

Tank.  Holds  the  wastewater 
being  treated  and  allows  the 
wastewater  to  come  in  contact 
with  the  organisms  on  the 
discs. 

Bays  and  baffles.  Prevent 
short-circuiting  of  wastewater 

Controls  flow  from  one  stage 
to  the  next  stage  or  from  one 
bay  to  the  next  bay. 

Provide  support  for  or¬ 
ganisms.  Rotation  provides 
food  (from  wastewater  being 
treated)  and  air  for  organisms. 

Protects  organisms  from  se¬ 
vere  fluctuations  in  the 
weather,  especially  freezing. 
Also  contains  odors. 

Rotates  the  media. 

Influent  lines.  Transport 
wastewater  to  be  treated  to 
the  rotating  biological  contac¬ 
tor. 

Influent  valves.  Regulate  in¬ 
fluent  to  contactor  and  also  to 
isolate  contactor  for  mainte¬ 
nance. 

Effluent  lines.  Convey  treated 
wastewater  from  the  contac¬ 
tor  to  the  secondary  clarifier 

Effluent  valves  Regulate 
effluent  from  the  contactor 
and  also  isolate  contactor  for 
maintenance 

Allow  for  removal  of  solids 
which  may  settle  out  m  tank 
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Fibttr  \)iasb  covHfs  in  tho  shape  o(  the  media  a'  ^asily  re- 
itiD'/od  toi  maintenance  In  some  area^ .  'tie  rotating  biological 
contactors  are  covered  by  a  building.  In  other  areas  only  a  roof 
IS  placed  over  the  media  for  protection  against  sunlight  The 
type  of  cover  depends  on  climatic  conditions 

Two  types  of  drive  assemblies  are  used  to  rotate  the  shafts 
Supporting  the  media; 

f  Motor  with  chain  drive  (Fig  7  7).  and 

2  Air  drive  (Fig.  7.8). 

The  first  type  of  drive  assembly  consists  of  a  motor,  belt 
drive,  gear  or  speed  reducer,  and  chain  drive.  The  other  drive 
unit  consists  of  plastic  cups  attached  to  the  outside  of  the 
media  (Fig.  7.8).  A  small  air  header  below  the  edge  of  the 
media  releases  air  into  the  cups.  The  air  in  the  cups  creates  a 
buoyant  force  which  then  makes  the  shaft  turn.  With  either  type 
of  drive  assembly,  the  main  shaft  is  supported  by  two  main 
bearings 

Individual  units  are  usually  provided  with  influerit  and 
effluent  line  valving  to  allow  isolation  for  maintenance  reasons. 
Usually  the  units  are  not  shut  down  during  the  low  flow  condi¬ 
tions  because  power  consumption  is  minimal  and  as  the  flows 
decrease,  the  percent  of  BOD  removal  increases 


7.1  PROCESS  OPERATION 

Performance  by  rotating  biological  contactors  is  affected  by 
hydraulic  loadings  and  temperatures  below  55°F  (13"C).  Plants 
have  been  designed  to  treat  flows  ranging  from  18,000  gpd  to 
50  MGD  Typical  operating  and  performance  characteristics 
are  as  follows; 


Characteristic 

HYDRAULIC  LOADING^ 
BOD  Removal 
Nitrogen  Removal 

ORGANIC  LOADING^ 
SOLUBLE  BOD^ 

BOD  Removal 

Effluent  Total  BOD 

Effluent  Soluble  BOD 

Effluent  NHj-N 

Effluent  NO.-N 


Range 

1 .5  to  6  gpd/sq  ft 
1 .5  to  1  8  gpd/sq  ft 

3  to  5  lbs  BOD/day/ 1 000  sq  ft 
80  to  95  percent 
1 5  to  30mg/f. 

7  to  1 5  mg/C 

1  to  to  mg/C 

2  to  7  mg/C 


See  Section  7  5.  "Loading  Calculations,  for  procedures 
showing  how  to  calculate  the  hydraulic  and  organic  loadings 
on  rotating  biological  contactors. 


Advantages  ol  loiatirig  biological  contactors  over  trickling 
filters  include  the  elimination  of  the  rotating  distributor  with  its 
problems,  the  elimination  of  the  problems  cause  by  ponding  on 
the  media,  and  filter  flies  More  efficient  use  of  the  media  is 
achieved  due  to  the  even  or  uniform  rotation  of  the  media  into 
the  wastewater  being  treated  A  limitation  of  the  process,  as 
compared  with  trickling  filters,  is  the  lack  of  flexibility  due  to  the 
absence  of  provisions  for  recirculation;  however,  in  most  in¬ 
stallations  recirculation  is  not  needed. 

7.10  Pretreatment  Requirements 

.Rotating  biological  contactors  are  usually  preceded  by  pre¬ 
treatment  consisting  of  screening,  grit  removal,  and  primary 
settling.  Grit  and  large  organic  matter,  if  not  removed  can 
settle  beneath  the  drums  and  form  sludge  deposits  which  re¬ 
duce  the  effective  tank  volume,  produce  septic  conditions 
scrape  the  slimes  from  the  media,  and  possibly  stall  the  unit 

Some  rotating  biological  contactor  plants  have  aerated  flow 
equalization  tanks  instead  of  primary  clarifiers  ahead  of  the 
contactors.  Flow  equalization  tanks  may  be  installed  to 
equalize  or  balance  highly  fluctuating  flows  and  to  allow  tor  the 
dilution  of  strong  wastes  and  neutralization  of  highly  acidic  or 
alkaline  wastes.  These  equalization  tanks  are  capable  of  re¬ 
ducing  or  eliminating  shock  loads 

7.11  Start-Up 

Prior  to  plant  start-up.  become  familiar  with  and  understand 
the  contents  of  the  plant  O  &  M  manual.  If  you  have  any  ques¬ 
tions.  be  sure  to  ask  the  design  engineer  or  the  manufacturer  s 
representative.  Both  of  these  persons  should  instruct  the 
operator  on  the  proper  operation  of  the  plant  and  maintenance 
of  the  equipment 


7.110  Pre-Start  Checks  for  New  Equipment 

Before  starting  any  equipment  or  allowing  any  wastewater  to 
enter  the  treatment  process,  check  the  following  items; 

1.  TIGHTNESS 

Inspect  the  following  for  tightness  in  accordance  with  manu 
facturer  s  recommendations. 

a.  Anchor  bolts 

b.  Mounting  studs 
c  Bearing  caps 

Check  any  torque  limitations 

d.  Locking  collars 

e.  Jacking  screws 


^  Hydraulic  and  organic  loadings  depend  on  influent  flow,  influent  soluble  BOD.  effluent  BOD.  temperature  and  surface  area  ol  plastic  media 
Manufacturers  provide  charts  converting  flow  to  hydraulic  and  organic  loadings  lor  their  media 
’  Soluble  BOD  Soluble  BOD  is  the  BOD  of  water  that  has  been  filtered  m  the  standard  suspended  solids  test 


107 


f  Roller  chain 

Be  sure  chain  is  properly  aligned 
g.  Media 

Unbalanced  media  may  cause  slippage 
h  Belts 

Use  matched  sets  on  multiple-belt  drives. 

2  LUBRICATION 

Be  sure  the  following  have  been  properly  lubricated  with 
proper  lubricants  in  accordance  with  manufacturer’s  rec¬ 
ommendations. 

a.  Mainshaft  beanngs 
b  Roller  chain 
c  Speed  reducer 

3  CLEARANCES 

a  Between  media  and  tank  wall, 
b  Between  media  anc'  baffles  or  cover  support  beams, 
c  Between  chain  casing  and  media, 
d  Betwrren  roller  chain,  sprockets  and  chain  casing. 

4  SAFETY 

Be  sure  safety  guards  are  properly  installed  over  chains 
and  other  moving  parts. 

7.111  Procedure  for  Starting  Unit 

Actual  start-up  procedures  for  a  new  unit  should  be  in  your 
pMant  O  &  M  manual  and  provided  by  the  manufacturer.  A 
typical  starting  procedure  is  outlined  below. 

1 .  Switch  on  power,  allow  shaft  to  rotate  one  turn,  turn  off  the 
power,  lock  out  and  tag  switch.  Inspect  and  correct  if  nec¬ 
essary  during  this  revolution: 

a  Movement  of  chain  casing, 
b  Unusual  noises, 
c.  Direction  of  media  rotation 

Where  wastewater  flow  is  parallel  to  the  rotating 
media  shaft,  the  direction  of  rotation  is  not  critical.  If 
the  wcistewater  flow  is  perpendicular  to  the  lotating 
media  shaft,  the  media  should  be  moving  through  the 
wastewater  against  the  direction  of  flow  (see  Figure 
7.6,  p.  209). 

2  Switch  on  power  and  allow  shaft  to  rotate  for  15  minutes, 
inspect  the  following: 

a.  Chain-drive  sprocket  alignment, 
b  Noises  in  bearings,  chain  drives  and  drive  package, 
c.  Motor  ampierage.  Compare  with  nameplate  value, 
d  Temperature  of  mainshaft  bearing  (by  hand)  and 
drive-package  pillow  block.  If  too  hot  tor  the  hand,  use 
a  PYROMETER*  or  thermometer.  Temperature  should 
not  exceed  200°F  (93=0. 

e  Tightness  of  shaft  bearing-cap  bolts.  Tighten  to  manu¬ 
facturers  recommended  torque, 
f  Determine  number  of  revolutions  per  minute  for  drum 
and  record  for  future  reference. 

3.  Open  inlet  valve  and  allow  wastewater  to  fill  the  tank  (all 
four  stages  if  in  one  tank).  Open  the  outlet  valve  to  allow 
water  to  flow  through  the  tank.  Turn  on  power  and  make 
inspections  listed  in  steps  1  and  2  again  while  drum  is  rotat¬ 
ing.  Shut  off  power,  lock  out  and  tag  switch  to  make  any 
corrections. 

4  Check  the  relationship  between  the  clarifier  inlet  and  the 
rotating  biological  contactor  outlet  for  hydraulic  balance. 


This  means  that  you  want  to  be  sure  that  the  tank  contain¬ 
ing  the  biological  contactor  will  not  overflow  and  cause 
stripping  of  the  biomass 

5  See  Section  7.20  for  break-in  maintenance  instructions 
which  start  after  eight  hours  of  operation 

Development  of  biological  slimes  can  be  encouraged  by 
regulating  the  flow  rate  and  strength  of  the  wastewater  applied 
to  r^arly  constant  levels  by  the  use  of  recirculation  if  available 
Maintaining  building  temperatures  at  65“F  ^18°C)  oi  higher  will 
help.  The  best  rotating  speed  is  one  which  will  shear  off  growth 
at  a  rate  which  will  provide  a  constant  hungry  and  reproduc¬ 
tive’  film  ot  microorganisms  exposed  to  the  wcistewater  being 
treated 

Allow  one  to  two  weeks  for  an  even  growth  of  biological 
slimes  (biomass)  to  develop  on  the  surface  of  the  media  with 
normal  strength  wastewater  After  start-up.  a  slimy  growth 
(biomass)  will  appear  During  the  first  week,  excessive  slough¬ 
ing  will  occur  naturally  This  sloughing  is  normal  and  the 
sloughed  material  is  soon  replaced  with  a  fairly  uniform, 
shaggy  brown-to-gray  appearing  biomass  with  very  few  or  no 
bare  spots 

Follow  the  same  stan-up  procedures  whether  a  plant  is  start¬ 
ing  at  less  than  design  flow  or  at  fuli-design  flow  Stan-up 
during  cold  weather  takes  longer  because  the  organisms  in  the 
Slime  growth  (biomass)  are  not  as  active  and  require  more  time 
to  grow  and  reproduce 

7.12  Operation 

Rotating  biological  contactor  treatment  plants  are  not  difficult 
to  operate  and  produce  a  good  effluent  provided  the  operator 
properly  and  regularly  performs  the  duties  oi  inspecting  the 
equipment,  testing  the  influent  and  effluent,  observing  the 
media,  maintaining  the  equipment  and  taking  corrective  action 
when  necessary. 

7.120  Inspecting  Equipment 

This  treatment  process  has  relatively  tew  moving  parts 
There  is  a  drive  tram  to  rotate  the  shaft  and  there  are  bearings 
upon  which  the  shaft  rotates  Neither  the  media  nor  the  shaft 
require  maintenance.  Check  the  following  items  when  inspect¬ 
ing  equipment: 

1  Feel  outer  housing  of  shaft  bearing  to  see  i*  it  is  running  hot 
Use  a  pyrometer  or  thermometer  if  temperature  is  too  hot 
for  your  hand  If  temperature  exceeds  200  F  03  C)  the 
bearings  may  need  to  be  replaced  Also  check  for  proper 
lubrication  and  be  sure  the  shaft  is  properly  aligned  The 
longer  the  shaft,  the  more  critical  the  alignment 

2.  Listen  for  unusual  noises  in  motor  bearings  Locate  cau.se 
of  unusual  noises  and  correct 

3-  Feel  motors  to  determine  if  they  are  running  hot  If  hot, 
determine  cause  and  correct 

4.  Look  around  drive  train  and  shaft  bearing  for  oil  spills  If  f>il 
is  visible,  check  oil  levels  m  the  speed  reducers  and  chain 
drive  system.  Also  look  for  damaged  or  wornout  gaskets  or 
seals. 

5.  Inspect  chain  drive  for  alignment  and  tightness 

6.  Inspect  belts  for  pioper  tension 

7.  Be  sure  all  guards  over  moving  parts  and  equipimeni  are  in 
place  and  properly  installed 

8  Clean  up  any  spills,  messes  or  debris 


‘  Pyrometer  (pie-ROM-uh-ter)  An  apparatus  used  to  measure  high  temperatures 
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WciSleWciltii  .iniilybi>>  ib  lenimml  In  iiiuiiiliii  ii\yiiidll  plaiil 
piLK'ess  pertoiniaiice  Bm  iiusn  theta  are  few  ptncosb  tdiilfol 
tunc'ions  to  oe  pertotmetJ  ooly  a  minimal  aiialyS'S  is  r«(i|uiie.i 
to  monitor  and  report  daily  performance  To  determine  it  the 
rotating  biological  contactors  are  operating  property  you 
should  measuie  (1 1  BOD,  (2)  suspended  solids.  t3i  pH  and  i4i 
dissolved  oxygen  (DO)  Performance  is  best  monitored  by 
analysis  of  a  24-hour  COMPOSITE  SAMPLE"'  for  BOO  and 
suspended  solids  on  a  daily  basis.  DO  and  pH  should  be  mea¬ 
sured  using  GRAB  SAMPLES*’  at  specific  times  Actual  fre 
quency  of  tests  may  depend  on  how  often  you  need  the  results 
for  plant  control  and  also  how  often  your  NPDES  permit  re¬ 
quires  you  to  sample  and  analyze  the  plant  effluent 

DISSOLVED  OXYGEN 

The  DO  in  the  wastewater  being  treated  beneath  the  rotating 
media  will  vary  from  stage  to  stage  A  plant  designed  to  treat 
primary  effluent  for  BOD-  and  suspended-solids  removal  will 
usually  have  0  3  to  1  0  mg.L  DO  in  the  first  stage  The  DO  level 
will  increase  to  1  to  3  mg  L  m  the  fourth  stage  A  plant  designed 
tor  NITRIFICATION*  to  convert  ammonia  and  organic  nitrogen 
compounds  to  nitrate  will  have  four  stages  also  T  he  difference 
between  a  RBC  unit  designed  for  BOD  removal  and  one  de¬ 
signed  foi  nitrification  is  the  design  flow  applied  per  square  foot 
of  media  surface  area  DO  m  the  first  stage  of  hitnfication  unit 
will  be  more  than  1  mg/1  DO  and  often  as  high  as  2  to  3  mgl 
The  DO  in  the  fourth  stage  of  a  nitrification  unit  may  be  as  high 
as  4  to  8  mg  b 

EFFLUENT  VALUES 

Typical  BOD,  suspended  solids,  and  ammonia  and  nitrate 
effluent  values  for  rotating  biological  contactors  depend  on 
NPDES  permit  requirements  and  design  effluent  values.  As 
flows  increase  effluent  values  increase  because  a  greater  flow 
IS  applied  to  each  square  foot  of  media  while  the  time  the 
wastewater  is  m  contact  with  the  slime  growths  is  reduced. 
Also.  Ihe  greater  the  levels  of  BOD,  suspended  solids  and 
nitrogen  in  the  influent,  the  greater  the  levels  in  the  plant 
effluent  Figure  7  9  snows  influent  and  effluent  values  for  a 
rotating  biological  contactor  The  influent  and  effluent  data  plot¬ 
ted  are  seven-day  moving  averages  which  smooth  out  daily 
fluctuations  and  reveal  trends.  Procedures  for  calculating  mov¬ 
ing  averages  are  explained  m  Chapter  18.  Analysis  and  Pre¬ 
sentation  of  Data 

If  analysis  of  samples  reveals  a  decrease  m  process  effi¬ 
ciency.  look  for  three  possible  causes. 

1  Reduced  wastewater  temperatures. 

2  Unusual  va  lations  In  flow  and/or  organic  loadings,  and 

3  High  or  low  pH  values  (less  than  6  5  or  greater  than  8.5). 

Once  the  cause  of  the  problem  has  been  identified,  possible 
solutions  can  be  considered  and  the  problem  corrected. 

TEMPERATURE 

Wastewater  temperatures  below  55"F  (13°C)  will  result  in  a 
reduction  of  biological  activity  and  in  a  decrease  in  BOD  or 
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influent  VARIAriONS 

When  large  daily  mfiuent  tiow  and  or  organic  iBODi  varia¬ 
tions  occur  a  reauction  in  process  efficiency  IS  iiKely  to  result 
Before  corrective  steps  are  taxen  the  exact  extent  of  the  prop 
tern  and  resulting  change  n  process  efficiency  must  be  deter 
mined  in  most  cases  when  'he  influent  flow  and  or  organic 
peak  loads  are  less  man  three  times  the  daily  average  values 
during  a  24-hour  penoo  ittie  decrease  m  process  efficiericv 
will  result 

In  treatment  plants  where  Ihe  influent  flow  and  or  organic 
loads  exceed  design  values  for  a  susiamed  period  the  effluent 
BOD  and  suspended  solids  must  be  rneasurec  to  determine  * 
corrective  action  is  lequueo 

During  periods  of  severe  organic  overload  the  buiK’-ead  or 
baffle  between  stages  ore  anc  ‘wo  may  be  er'ic»eo  "h-s 
procedure  provides  a  larger  amoum  o*  media  surface  area  'cr 
the  first  stage  o*  treatment  '1  tne  plant  s  continuously  over¬ 
loaded  and  the  effluent  violates  the  NPDES  permit  reoune- 
ments.  additional  treatment  units  shnuio  be  mstaiieo  A  possi¬ 
ble  short-term  solution  to  an  overload  problem  mighi  be  the 
installation  of  facilities  to  recycle  effluent  however  this  wouio 
cause  a  greater  increase  of  any  hydraulic  overload 

pH 

Every  wastewater  has  an  oonmum  pH  level  lor  best  treaiabii- 
ity  Domestic  wastewater  pH  vanes  between  6  5  anc  0  6  a'lP 
will  have  little  effect  on  organic  removal  efficiency  If  this  range 
IS  exceeded  at  any  time  (due  to  industrial  waste  discharges  for 
example),  however,  a  decrease  m  efficiency  is  likely 

To  adjust  the  pH  towards  7  0  either  pre-aerate  the  influent 
or  add  chemicals  If  the  pH  is  too  low  add  sodium  bicarbonate 
or  lime.  If  the  pH  is  too  high  add  acetic  acid  The  amount  of 
chemicals  to  be  added  depends  on  the  characteristics  of  the 
wafer  and  can  best  be  determined  by  adding  chemicals  to 
samples  in  the  lab  and  measuring  the  change  m  pH 

When  dealing  with  nitrification,  pH  and  alkalinity  are  verv 
critical.  The  pH  should  be  kept  as  close  as  possible  to  a  value 
of  8.4  when  nitrifying.  The  alkalinity  level  m  the  raw  wastewater 
should  be  maintained  at  a  level  at  least  7  i  times  the  mtlueni 
ammonia  concentration  to  allow  the  reaction  to  go  to  comple¬ 
tion  without  adversely  affecting  the  microorganisms  Sodium 
bicarbonate  can  be  used  to  increase  both  the  alkalinity  and  pH 

Another  item  under  pH  variations  could  be  the  adding  ul 


’  Composite  IProponionall  Sample  loom  POZ-it)  A  composite  sample  is  a  collection  of  individual  samples  obtained  at  regular  intervals, 
usually  every  one  or  iwo  tiours  during  a  24-hoijr  time  span  Each  individual  sample  is  combined  with  the  others  in  proportion  to  the  How  when 
the  sample  was  collected  The  resulting  mixture  (composite  sample)  forms  a  representative  sample  and  is  analyzed  to  determine  the  average 
conditions  during  the  sampling  period 

'•  Grab  Sample  A  single  sample  of  wastewater  taken  at  neither  a  set  time  nor  How 

'  Nitrification  (NyE-in-fi-KAY-shuni  A  process  in  which  bacteria  change  the  ammonia  and  organic  nitrogen  m  wastewater  mio  oxidized 
nitrogen  (usually  miralei  The  second-stage  BOO  is  sometimes  referred  to  as  ihe  nitrification  stage  ifirst-siage  BOD  is  called  the  car¬ 
bonaceous  stage  t 
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SUPERNATANT*  from  a  digester  The  supernatant  should  be 
tested  tor  pH  and  suspended  solids.  Without  testing  the  super¬ 
natant,  you  will  not  know  what  kind  of  load  you  re  placing  on 
the  rest  of  the  plant.  Sometimes  it  s  best  to  drain  supernatant 
at  low  flows  to  the  plant.  Caution  should  be  taken  to  avoid 
overloading  the  process.  If  the  supernatant  pH  is  too  low. 
supernatant  could  be  drawn  off  during  high  flows  when  these 
flows  can  be  used  for  dilution  and  NEUTRALIZATION* 

7.122  ObS9nlng  the  Media 

Rotating  biologica!  contactors  use  bacteria  and  other  living 
organisms  growing  on  the  media  to  treat  wastes.  Because  of 
this,  you  can  use  your  sight  and  smell  to  identify  problems.  The 
slime  growth  or  biomass  should  have  a  brown-to-gray  color,  no 
algae  present,  a  shaggy  appearance  with  a  fairly  uniform 
coverage,  and  very  few  or  no  bare  spots.  The  odor  should  not 
be  offensive,  and  certainly  there  should  be  no  sulfide  (rotten 
egg)  smells. 

SLACK  APPEARANCE 

If  the  appearance  becomes  black  and  odors  which  are  not 
normal  do  occur,  this  could  be  an  indication  of  solids  or  800 
overloading.  These  conditions  would  probably  be  accom.- 
panied  by  low  DO  in  the  plant  effluent.  Compare  previous  in¬ 
fluent  suspended  solids  and  BOD  values  with  current  test  re¬ 
sults  to  determine  if  there  is  an  increase.  To  solve  this  problem, 
place  another  rotating  biological  contactor  unit  in  service,  if 
possible,  or  try  to  pre-aerate  the  influent  to  the  RBC  unit.  Also 
review  the  operation  of  the  primary  clarifiers  and  sludge  diges¬ 
ters  to  be  sure  they  are  not  the  source  of  the  overload. 

WHITE  appearance 

A  white  appearance  on  the  disc  surface  also  might  be  pre¬ 
sent  during  high  loading  conditions.  This  might  be  due  to  a  type 
of  bacteria  which  feeds  on  sulfur  compounds.  The  overloading 
could  result  from  industrial  discharges  containing  sulfur  com- 
pourtos  upon  which  certain  sulfur-loving  bacteria  thrive  and 
produce  a  white  slime  biomass.  Corrective  action  consists  of 
placing  another  RBC  unit  in  service  or  trying  to  pre-aerate  the 
influent  to  the  unit.  During  periods  of  severe  organic  or  sulfur 
overloading,  remove  the  bulkhead  or  baffle  between  stages 
one  and  two 

Another  cause  of  overloading  may  be  sludge  deposits  which 
have  been  allowed  to  accumulate  in  the  bottom  of  the  bays.  To 


remove  these  deposits  dram  the  bays,  wash  the  sludge  de¬ 
posits  out  and  return  unit  to  service.  ^  sure  the  orifice.s  m  the 
baffles  between  the  bays  are  clear. 

SLOUGHING 

If  severe  slougnmg  or  loss  of  biomass  .T-^iirs  ahor  ihe 
start-up  period  and  process  difficult)'  arises,  the  itauees  Ti  iv 
be  due  to  the  influent  wastewater  containing  tox.c  or  INHIBI¬ 
TORY  SUBSTANCES'^  that  kill  the  organisms  m  the  hminass 
or  restrict  their  ability  to  treat  wastes.  To  solve  this  problem 
steps  must  bo  taken  to  eliminate  the  tc-xm  sufcsiaP'.c  <’vcn 
though  this  may  be  very  difficult  and  cosily  Biological  pro¬ 
cesses  will  never  operate  properly  as  long  they  aforrot  t.o 
treat  toxic  wastes.  Until  the  toxic  substance  can  be  tocaied  ar>3 
eliminated,  loading  peaks  should  be  damoened  (reduredt  and 
a  diluted  uniform  concentration  of  the  toxic  sub.siance  aitowc-d 
to  reach  the  media  in  order  to  minimize  harm  to  the  b'oingic.ai 
culture.  While  the  corrections  are  made  at  the  plant,  damoen- 
ing  may  be  accomplished  by  regulating  inflow  to  the  plan'  Be 
careful  not  to  fkvxi  any  homes  or  overflow  any  low  r.'.ar.holas 
Toxic  wastes  may  be  diluted  using  plant  effluent  (un'il  it  con¬ 
tains  toxic  matenal'i  or  any  other  source  of  water  supoly. 

Another  problem  which  could  cause  loss  of  P'omass  is  an 
unusual  variation  in  flow  and;or  organic  loading  In  small  com¬ 
munities  one  cause  may  be  high  flow  during  the  oay  ai'd  nea' 
zero  flow  at  night.  During  the  day  the  biomas.s  is  receivinr.;  food 
and  oxygen  and  starts  growing;  then  the  night  flow  rrrdiices  t-n 
near  zero  —  available  food  is  reduced  and  nearly  stops  1  he 
biomass  starts  sloughing  off  again  due  to  lack  of  (nod 

Possible  solutions  to  sloughing  of  the  biomass  due  to  exces 
sivB  vanations  in  plant  flow  and'or  organx'  loading  include 
throttling  peak  conditions  aniJ  recycling  froni  the  secnnonr; 
clarifier  or  RBC  effluent  during  low  flows  Be  very  careful  when 
throttling  plant  inflows  that  low  elevation  homos  are  not  ficioded 
or  that  manholes  do  not  overflow.  Usually  RBC  units  do  not 
have  provisions  'or  any  recycling  from  the  secondar;  clarifier 
If  low  firjws  at  mghr  am  creating  operation  problems  due  'o  l.tck 
of  organic  matter,  a  possible  solution  is  the  installation  nt  a 
pump  to  recirculate  water  from  the  secondary  clarifier.  I'  recir 
culation  is  provided,  try  to  maintain  a  hydraulic  loading  -ate  o' 
greater  than  1 .0  to  1  5  gpd/sq  tt.  A  flow  eoualization  tank  can 
be  used  to  provide  fair'y  ccntinuous  or  even  flows 

Possible  rotating  biological  contactor  process  operational 
problems,  causes  and  soii.itions  are  summarized  m  T.ible  7  2 


•  Supernalani  (sue-par-NA  Y-tant)  Uquid  removed  from  settled  sludge  Supernatant  commonly  refers  to  the  liquid  botween  the  siuago  on  the 
bottom  and  the  scum  on  the  surface  of  an  anaerobic  digester  This  ttquid  is  usually  returned  tn  the  influent  wet  welt  or  to  the  pnmary  clarifier 
’  Neutralization  (new-trall-i-ZAY-shun)  Addition  of  an  acid  or  alkali  (base)  to  a  liquid  to  cause  the  pH  ot  the  liquid  to  mnve  towards  a  neutrel 
pH  of  7  0 

">  Inhibitory  Substances  Materials  that  kill  or  restrict  the  ability  of  organisms  to  treat  wastes 


TABLE  7  2  POSSIBLE  RBC  OPERATIONAL  PROBLEMS,  CAUSES  AND  SOLUTIONS 


ProbMui 

1  Slwne  on  moclw  appoars  shaggy  wHh  a 
brown-io-gray  color 

2  Black  alima 


3  Roltan  agg  or  olhar  obrwxious  odors 
4.  WNta  alima 

Skxjghmg  or  loss  of  slwne  {bromaas) 


6.  Dacraaaa  in  process  atficiancy 


Cauaa 

PROPER  OPERATION 


Solids  and/or  BOD  overloadtng 


Solids  ar«d/or  BOO  overloading 

Bacteria  which  lead  on  sulfur  compounds. 
Also,  industrial  discharges  containing  suttur 
compounds  may  cause  an  overload. 

(1)  Toxic  or  inhibitory  substances  in  in- 
lluani. 


(2)  Variation  in  flow  and/or  organic  loading.  > 


(1)  Reduced  wastewater  temperature. 


(2)  Unusual  variatons  in  flow  and/or  or¬ 
ganic  loading. 

(3)  Sustained  flows  or  loads  above  design 
levels. 

(4)  High  or  low  pH  values. 


(S)  Improper  rotation  of  media. 


Solution 

NO  PROBLEM  normal  CONDITION 


a  Place  another  RBC  unit 
in  service  if  available 

b  Pre-aerate  RBC  influent 

c.  For  severe  organic  overloads,  remove 
bulkhead  or  baffle  between  stages  i 
and  2. 

See  problem  2.  solutions  a.  b  and  c  above 

See  problem  2,  solutions  a.  b  and  c  above 


a  Eliminate  source  of  toxic  or  inhibitory 
substances. 

b  Reduce  peaks  of  toxic  oi  inhibitoiy 
substances  by  carefully  regulating  in- 
flow  to  plant 

c.  Dilute  influent  using  plant  effluent  or 
any  other  source  of  water. 

a.  During  low  flow  or  loading  periods, 
pump  from  secondary  clarifier  or  RBC 
unit  effluent  to  riwiycie  water  with  food 
artd  DO  through  the  RBC  unit 

b.  Durirtg  high  flow  or  loading  conditions, 
attempt  to  throttle  plant  inflow  duhng 
peak  periods. 

c.  For  severe  organic  overloads,  remove 
bulkhead  or  baffle  between  stages  1 
and  2. 

a.  Heat  air  inside  RBC  unit  cover  or  build¬ 
ing. 

b.  Heat  Influent  to  unit. 

See  problem  S,  cause  (2).  solutions  a.  b 

and  c  above. 

Install  additional  treatment  units. 


a.  If  the  pH  IS  too  low.  add  an  alkali  (base) 
such  as  lime. 

b.  If  the  pH  is  too  high,  add  an  actd  such 
as  acetic  add. 

a  Inspect  belt  tension  and  ad|ust 
b.  Check  air  pressure  and  adfust 
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7.13  Abnormal  Oparatlon 

Abnormal  operating  corxlitions  may  develop  under  the  fol¬ 
lowing  circumstances: 

1 .  High  or  low  flows, 

2  High  or  low  solids  loading,  and 
3.  Power  outages. 

When  your  plant  must  treat  high  or  low  flows  or  solids  (or¬ 
ganic)  loads,  abnormal  conditions  develop  as  the  treatment 
efficiency  drops.  For  solutions  to  these  problems,  refer  to  Sec¬ 
tion  7.12,  “Operation,"  and  Table  7.2.  One  advantage  of  RBC 
units  is  the  fact  that  high  flows  usually  do  not  wash  the  slime 
growths  off  the  media;  consequently  the  organisms  are  pre¬ 
sent  and  treating  the  wastewater  during  and  after  the  high 
flows. 

A  power  outage  requires  the  operator  to  taKe  certain  precau¬ 
tions  to  protect  the  equipment  and  the  slime  growths  while  no 
power  is  available.  If  the  power  is  off  for  less  than  four  hours, 
nothing  needs  to  be  done.  If  the  power  outage  lasts  longer  than 
four  hours,  the  RBC  shaft  needs  to  be  turned  about  one- 
quarter  of  a  turn  twice  a  day.  Turning  prevents  all  the  slime 
growth  from  accumulating  on  the  bottom  portion  of  the  plastic 
disc  media.  Before  attempting  to  turn  the  shaft,  lock  out  and 
tag  the  power  in  case  the  outage  ends  abruptly  To  turn  the 
shaft,  REMOVE  THE  BELT  GUARD  USING  EXTREME  CARE. 
Turn  the  shaft  by  using  the  belts.  BE  CAREFUL  YOU  DON  T 
CUT  OFF  YOUR  FINGERS.  Place  a  wedge-shaped  block  be¬ 
tween  the  belts  and  belt  sprocket  to  hold  the  shaft  and  media  in 
the  desired  location.  Actually,  the  shaft  is  very  delicately  bal¬ 
anced  and  easy  to  rotate.  Do  not  try  to  weld  handles  or  brack¬ 
ets  to  the  shaft  to  facilitate  turning  because  this  will  throw  the 
shaft  off  balance. 

WARNING.  If  the  shaft  starts  to  roll  back  to  its  original  posi¬ 
tion  before  you  get  the  block  properly  inserted,  do  not  try  to 
stop  the  shaft.  Let  it  roll  back  and  stop.  If  you  try  to  stop  the 
shaft  from  rolling  back,  you  could  injure  yourself  and  also  dam¬ 
age  the  belts  and  sprockets. 

Gently  spray  water  on  the  slime  growth  that  is  not  sub¬ 
merged  frequently  enough  to  keep  the  biomass  moist 
whenever  the  drum  is  not  rotating. 

If  the  power  outage  lasts  longer  than  12  hours,  more  than 
normal  sloughir^  will  occur  from  the  media  when  the  unit  is 
placed  back  in  service.  When  the  sloughing  becomes  exces¬ 
sive.  increase  the  sludge-pumping  rate  from  the  secondary 
clarifier. 

7.14  Shutdown  and  Restart 

The  rotating  biological  contactor  may  be  stopped  by  turning 
off  the  power  to  the  dnve  package.  If  the  process  is  to  be 
stopped  for  longer  than  four  hours,  follow  the  precautions  listed 
in  SMion  7  13,  “Abnormal  Operation,  when  a  power  outage 
occurs.  Do  not  allow  one  portion  of  the  media  to  be  submerged 
in  the  wastewater  being  treated  for  more  than  four  hours.  Oc¬ 
casionally  spray  the  media  not  submerged  to  prevent  the  slime 
growth  from  drying  out  whenever  the  drum  is  not  rotating. 

if  the  tank  holding  the  wastewater  being  treated  must  be 
drained,  a  portable  sump  pump  may  be  us^.  A  sump  is  usu¬ 
ally  located  at  the  erxl  of  the  unit  by  the  motor.  Pump  the  water 
either  to  the  primary  clarifier  or  to  the  inlet  end  of  a  RBC  unit  in 
operation.  A  trough  running  the  full  length  of  the  tank  allows  the 


solids  to  be  pumped  out.  While  the  tank  is  empty,  inspect  for 
cracks  and  any  other  damage  and  make  necessary  repairs 

Try  to  keep  the  slime  growths  moist  to  minimize  sloughing 
and  a  reduction  in  organism  activity  when  the  process  starts 
Eigain.  A  loss  in  process  efficiency  can  result  if  the  slimes  are 
washed  off  the  media.  DO  NOT  WASH  THE  SLIME  GROWTH 
OFF  THE  MEDIA  because  you  will  be  washing  away  the  or¬ 
ganisms  that  treat  the  wastewater.  If  the  unit  is  to  be  out  of 
service  for  longer  than  one  day,  the  slimes  may  be  washed  off 
the  media  to  prevent  the  development  of  odor  problems. 

Restart  rotation  by  applying  power  to  the  drive  unit.  Before 
applying  power,  inspect  the  shaft  and  drive  unit  for  possible 
interference  from  such  items  as  tools  or  bulkheads.  If  slippage 
occurs  from  an  unbalanced  media,  inspect  arxl  adjust  ^ign- 
ment  and  tension. 


7.2  MAINTENANCE 

Rotating  biological  contactors  have  few  moving  parts  and 
require  minor  amounts  of  preventive  maintenance.  Chain 
drives,  belt  drives,  sprockets,  rotating  shafts  and  any  other 
moving  parts  should  be  inspected  and  maintained  in  accord¬ 
ance  with  manufacturers'  instructions  or  your  plant's  O  &  M 
manual.  All  exposed  parts,  beanng  housing  shaft  ends  and 
bolts  should  be  painted  or  covered  with  a  layer  of  grease  to 
prevent  rust  damage.  Motors,  speed  reducers  and  all  other 
metal  parts  should  be  painted  for  protection. 

Maintenance  also  includes  the  repair  or  replacement  of  bro¬ 
ken  parts.  A  preventive  maintenance  program  that  keeps 
equipment  properly  lubricated  and  adjusted  to  help  reduce 
wear  and  breakage  requires  less  time  and  money  than  a  pro¬ 
gram  that  waits  for  breakdowns  to  occur  before  taking  any 
action.  The  frequency  of  inspection  and  lubrication  is  usually 
provided  by  manufacturer  s  instructions  and  also  may  be  found 
in  the  plan  O  &  M  manual  The  following  sections  indicate  a 
typical  maintenance  program  for  a  rotating  biological  contactor 
treatment  process.  More  detail  can  be  found  in  a  plant  O  &  M 
manual. 

7.20  Break-In  Maintenance 

AFTER  8  HOURS  OF  OPERATION 

1 .  Recheck  tightening  torque  of  capscrews  in  all  split-tapered 
bushings  in  the  drive  package 

2.  Visually  inspect  hubs  and  capscrews  for  general  condition 
and  possibility  of  rubbing  against  an  obstruction 

3.  Inspect  belt  drive  (drive  package) 

AFTER  24  HOURS  OF  OPERATION 
1 .  inspect  all  chain  drives. 

AFTER  40  HOURS  OF  OPERATION 
1.  Inspect  all  belt  drives  in  drive  packages 

AFTER  100  HOURS  OF  OPERATION 

1.  Change  oil  in  speed  reducer.  Use  manufacturers  recom¬ 
mended  lubricants. 
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2  Clean  magnetic  drain  plug  ni  speed  reducer 

3  CliecK  al  capscrews  in  splii-tapered  bushings  and 
setscrews  in  drive  package  output  sprocket  and  bearing  lor 
tightness 

4  Inspect  belt  drive  of  dhve  package 

AFTER  3  WEEKS  OF  OPERATION 

1 .  Char^  oil  in  chain  casing.  Be  sure  oil  level  is  at  or  above 
the  mark  on  the  dipstick.  Use  manufacturer  s  recom¬ 
mended  lubricants. 

7.21  Preventive  Maintenance  Program 

Interval  Procedure 

Daily  1  Check  loi  tiol  shall  and  bearings  Replace  bear¬ 

ings  II  temperature  exceeds  200"^  (93"C) 

Daily  2  Listen  tor  unusual  noises  in  shaft  and  bearing 

Identify  cause  of  noise  and  correct  if  necessary 

Weekly  3  Grease  trie  mainshalt  bearings  and  drive  beanngs 
Use  manufacturer  s  recommended  lubricants.  Add 
grease  slowly  while  shaft  rotates  When  grease 
begins  to  ooze  from  the  housing,  the  bearings  con¬ 
tain  the  correct  amount  of  grease  Add  six  full 
strokes  where  bearings  cannot  be  seen 

4  wk.  4.  Inspect  all  chain  drives. 

4  wk.  5.  Inspect  mainshaft  bearings  and  drive  bearings 

4  wk.  6.  Apply  a  generous  coating  of  general  purpose 

grease  to  mainshaft  stub  ends,  mainshaft  bearings 
arid  arid  collars 

3  mo  7.  Change  oil  In  chain  casing.  Use  manufacturer  s 

recommended  lubricants.  Be  sure  oil  level  is  at  or 
above  the  mark  on  the  dipstick. 


3  mo  8  Inspect  bell  drive 

$  mo  9  Change  oil  in  speed  reducer  Use  manutacturer  s 

recommended  lubricants 

6  mo  to  Clean  magnetic  dram  plug  in  speed  reducer 

6  mo  1 1  Purge  the  grease  m  the  double-sealed  shah  seals 

ot  the  speed  reducer  by  renxiving  the  plug  located 
180  degrees  from  the  grease  fitting  on  both  the 
input  and  output  seal  cages  Pump  grease  into  trie 
seal  cages  and  then  replace  the  plug  Use  manu¬ 
facturer  s  recommended  grease 

12  mo  12  Grease  motor  bearings  Use  manufacturers  rec 
ommended  grease  To  grease  motor  bearings 
stop  motor  and  remove  dram  plugs  Iniect  riew 
grease  with  pressure  gun  until  all  old  grease  has 
been  forced  out  ot  the  bearing  through  the  grease 
dram  Run  motor  until  all  excess  grease  has  been 
expelled  This  may  require  up  to  several  hours 
running  lime  lor  some  motors  Replace  dram 
plugs 

7.22  Houaakaapirtg 

Properly  designed  systems  have  sufficient  turbulence  so  sol¬ 
ids  or  sloughed  slime  growths  should  not  settle  out  on  the 
tiottom  of  the  bays.  If  grease  balls  appear  on  the  water  surface 
in  the  bays,  they  should  be  removed  with  a  dip  net  or  screen 
device. 

It  media  comes  apart,  sgueeze  the  two  unbonded  sections 
together  with  a  pair  of  pliers.  Take  another  pair  of  pi>ers  and 
force  a  heated  nail  through  the  media.  The  heat  from  the  nail 
will  meft  the  plastic  and  make  a  plastic  weld  between  the  two 
sections  of  media 
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7.23  TrouMMlMOtlng  Quida 

7.230  AoNar  Chain  Drtaa 
TratM* 

1  Nowy  Or*v* 


2  R^Wmt 

3.  Chain  Cttmte  SprockM 


4  Stiff  Chain 


5.  Brakan  Cham  or  Sprockala 


PrabaMa  Catiaa 

t .  Moving  parti  rub  stationary  parti. 

2.  Chain  doai  not  fit  sprockats. 

3.  Loom  chain. 

4.  Faulty  lubrication. 

5.  MiaaUgnmant  or  impropar  asaambly. 

6.  Worn  parti. 

1 .  Faulty  lubrication. 

2.  Loom  or  misalignad  parts. 

1  Chain  doM  not  fit  sprockats. 

2.  Worn-out  chain  or  worn  sprockats. 

3.  Loom  chain. 

1  Faulty  lubrication. 

2.  Rust  or  corrosion. 

3.  MisaHgnmant  or  impropar  asaambly. 

4.  Worn-out  chain  or  worn  sprockats. 

1.  Shock  or  ovarload 

2.  Wrong  siza  chain,  or  chain  that  doM  not 
fit  sprockats. 

3.  Rust  or  corrosion. 

4.  Misalignmant. 

5.  IntarfarsnoM. 


Conacthra  Action 

1.  Tighian  and  align  casing  and  chain 
Remova  dirt  or  othar  intarfaring  matter 

2.  Raplaca  with  corract  parts. 

3.  Maintain  a  taut  chain  at  all  times. 

4.  Lubricate  properly. 

5  Corract  alignment  and  assembly  ot  the 
dnve. 

6.  Replace  worn  chain  or  bearings.  Re- 
varM  worn  sprockets  before  replacing. 

1 .  Lubricate  properly. 

2.  Align  and  tighten  entire  drive 

1 .  Raplaca  chain  or  sprockets. 

2.  Replace  chain.  Reverse  or  replace 
sprtxHcets. 

3.  Tighten. 

1  Lubricate  property 

2  Clean  and  lubricate 

3.  Correct  alignment  and  assembly  of  the 
drive. 

4.  Replace  chain.  Reverse  or  replace 
sprockets. 

1.  Avoid  shock  and  overload  or  isolate 
through  couplings. 

2.  Replace  chain.  Reverse  or  replace 
sprockets 

3  Replace  parts.  Correct  corrosive  coridi- 
tions. 

4  Correct  alignment. 

5.  Make  sure  no  solids  interfere  between 
chain  and  sprocket  teeth.  Loosen  chain 
if  riecessary  lor  proper  clearance  over 
sprocket  teeth. 
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7.231  Belt  Drive 


Trouble 

Probable  Cause 

Corrective  Action 

1 

Excessive  edge  wear 

1  Misalignment  or  non-rigid  centers 

1.  Check  alignment  and/or  reinforcement 
mounting 

2.  Bent  flange. 

2  Straighten  flange 

2 

Jacket  wear  on  pressure-lace  side  of 
belt  tooth.' 

Excessive  overload  and/or  excessive  belt 
tightness. 

Reduce  installation  tension  and/or  increase 
drive  load-carrying  capacity 

3 

Excessive  jacket  wear  between  belt 
teeth  (exposed  tension  members)' 

Excessive  installation  tension. 

Reduce  installation  tension. 

4. 

Cracks  in  Neoprene  backing 

Exposure  to  excessively  low  temp,  (below 
-30°F  or  -35°C). 

Eliminate  low  temperature  condition  or 
consult  factory  for  proper  belt  construction 

5. 

Softening  of  Neoprene  backing 

Exposure  to  excessive  heat  (-r200°F  or 
93°C)  and/or  oil. 

Eliminate  high  temperature  and  oil  condi¬ 
tion  or  consult  factory  for  proper  belt  con¬ 
struction. 

6 

Tensile  or  tooth  shear  failure.' 

1 .  Small  or  sub-minimum  diameter  pulley. 

1 .  Increase  pulley  diameter. 

2.  Belt  too  narrow. 

2.  Increase  belt  width. 

7. 

Excessive  pulley  tooth  wear  (on 
pressure-face  and/or  OD)' 

1 .  Excessive  overload  and/or  excessive 
belt  tightness. 

1.  Reduce  installation  tension  and/or  in¬ 
crease  drive  load-carrying  capacity 

2.  Insufficient  hardness  of  pulley  material. 

2  Surface-harden  pulley  or  use  harder  ma¬ 
terial. 

8 

Unmounting  of  flange 

1 .  Incorrect  flange  installation. 

1  Reinstall  flange  correctly 

2.  Misalignment 

2.  Correct  alignment 

9 

Excessive  drive  noise 

1.  Misalignment. 

1  Correct  alignment 

2.  Excessive  installation  tension 

2  Reduce  tension. 

3  Sub-minimum  pulley  diameter 

3.  Increase  pulley  diameters. 

10 

Tooth  shear' 

1 .  Less  than  6  teeth  in  mesh  (TIM). 

1 .  Increase  TIM  or  use  next  smaller  oitch. 

2.  Excessive  load 

2.  Increase  drive  load-carrying  capacity. 

11, 

Apparent  belt  stretch 

Reduction  of  center  distance  or  non-rigid 
mounting. 

Re-tension  drive  and/or  reinforce  mounting 

12 

Cracks  or  premature  wear  at  belt  tooth 
root ' 

Improper  pulley  groove  top  radius 

Regroove  or  install  new  pulley 

13 

Tensile  break 

1 .  Excessive  load. 

1  Increase  load-carrying  capacity  oi  drive 

2.  Sub-minimum  pulley  diameter. 

2.  Increase  pulley  diameters 

Pertains  to  a  timing  belt  system  only. 
Recent  systems  use  a  V-belt  drive 
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7.3  SAFETY 


Any  equipment  with  moving  parts  or  electrical  components 
should  be  considered  a  potential  safety  hazard.  ALWAYS 
SHUT  OFF  THE  POWER  TO  UNIT.  TAG  THE  SWITCH  AND 
LOCK  THE  POWER  SWITCH  IN  THE  "OFF"  POSITION  BE¬ 
FORE  WORKING  ON  A  UNIT. 

7.30  Slow-Moving  Equipment 

Slow-rnoving  equipment  does  not  appear  dangerous.  Untor- 
turrately,  moving  parts  such  as  the  chain  sprockets,  chain,  belt 
sprockets  arxl  belts  can  cause  serious  injury  by  tearir^  and/or 
crushing  your  hands  or  legs. 

7.31  Wiring  arxf  Connections 

Wiri^  and  connections  should  be  inspected  regularly  for 
potential  hazards  such  as  loose  connections  and  bare  wires. 
Again,  always  shut  off,  tag,  and  lock  out  the  oower  switch 
before  working  on  a  unit. 

7.32  Slippery  Surfaces 

Cation  must  be  taken  on  slippery  surfaces.  Falls  can  result 
in  serious  injuries.  Any  spilled  oil  or  grease  must  be  cleaned  up 
immediately.  If  covers  over  the  media  allow  sufficient  space  for 
walkways,  condensed  moisture  on  surfaces  will  create  slippery 
places.  If  the  temperature  of  the  air  within  the  enclosure  can  be 
kept  several  d^rees  above  the  temperature  of  the  wastewa¬ 
ter,  condensation  is  significantly  reduced.  This  condensation 


cannot  be  avoided  completely  so  walk  carefully  at  all  times. 

7.33  Infections  and  Diseases 

Precautions  must  be  taken  to  prevent  infections  in  cuts  or 
open  wounds  and  illnesses  from  waterborne  diseases.  After 
working  on  a  unit,  always  wash  your  hands  before  smoking  or 
eating.  GOOD  PERSONAL  HYGIENE  MUST  BE  PRACTICED 
BY  ALL  OPERATORS  AT  ALL  TIMES. 


7.4  REVIEW  OF  PLANS  AND  SPECIRCATIONS 

When  reviewing  plans  and  specifications,  be  sure  the  follow¬ 
ing  items  are  included  in  the  design  of  rotating  biological  con¬ 
tactors. 

1.  Enclosure  to  protect  biomass  from  freezing  temperature. 
Enclosure  constructed  of  suitable  corrosion-resistant  mate¬ 
rials  and  has  windows  or  louvered  structures  in  sides  for 
ventilation.  Forced  ventilation  is  not  necessary. 

2.  Heating.  A  source  of  heat  is  helpful  during  winter  operation 
to  minimize  the  corrosion  caused  by  condensation  and  to 
irnprove  operator  comfort.  If  the  temperature  of  the  air 
within  the  enclosure  Is  kept  several  degrees  above  the 
temperature  of  the  wastewater,  condensation  is  signifi¬ 
cantly  reduced.  Ceilings  should  be  kept  low  to  effectively 
use  available  heat. 
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metric  conversion  factors 


1  in.  =  25.4  nm 
1  ft  =  .3048  m 
1  sq  ft  =  .0929  mf 
1  cu  ft  =  .0283 
1  gal  =  3.785  L 
1  mgd  =  3785.0  KL/day 
oc  =  5/9  (OF-32) 

1  kW  =  14.34  kg-cal/min 
1  kWh  =  3.6  MJ 
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